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Abstract

This document is the final report for ARPA contract MDA972-93-C-0044, which
is t0 develop an ANS (Antificial Neura! System) capable of modeling submarine
performance based on full scale data generated using a computer based
simulation program.

This report discusses the project background, including the requirements of such
a simulation model, and the advantages of an ANS approach. The uniqueness of
AWr's Optimal-Entropy Neural Network algorithm is discussed as well as its
significance 10 the success of this project. AW! has developed an ANS to model
submarine performance based on the setting of the input parameters to result in
a particular performance for the submarine where the ANS specifies the position
and orientation of the submarine sometime in the future. AWI has aiso
developed an algorithm to run the ANS in the inverse mode, namely the
aigorithm allows the user 0 specify the desired position and orientation of the
submarine at some ime in the future, where the ANS will then specily the
controlling input parameters 10 reach that specified objective. The latter
specifications have 10 be within the reaim of possible requirements or eise the
ANS will specity a possitve solution ciose t0 what was desired. The developed
ANS is capable of operating in a PC environment. The results are obtained

aimost instantanecusly on the PC.
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introduction

The Development of accurate simulation modeis of submarine behavior has
been a matter of vital interest 10 the Navy for many years. Simulation models
are used before a ship is built 1o evaluate altemative designs, estimate the
submerged operating envelope (SOE), and train prospective crews. Subsequent
to ship deployment, simulation modeis are used to continue crew training and to
investigate possible anomalous behavior cbserved at sea.

Despite this long interest in the building of accurate predictive modeis, the
history of submarine simulation has not always been satisfying in terms of a
basic understanding of the physical phenomenon undertying observed behavior.
The first really organized approach 10 developing equations of motion for U.S.
submarines was the now famous *2510° report developed by Gertler and Hagen
at DTRC in 1967. These equations were based on the assumption that all
relevant parameters would be obtained by curve fitting the results ol static
simpile oscillatory measurements or various forces and moments as a model is
moved at constant speed. As a result, these equations are littie more than a
Taybcnm”mdmrmmmmmmd?hny
different forms for the power series expansion. For exampie, e/ms in XY are
repiaced with \erms in xixi.

in the earty-70’'s, the Radio Controlled Model (RCM) was developed at DTRC.
This provided a significant breakthrough in terms of model testing because the
model was no longer artificially constrained. Even more importantly, actual full-
scale maneuvers, such as stem plane jams, could be simulated. Use of the
RCM permitied direct prediction of submarine motions, particularty during high-
speed operations that wouid have been difficult or dangerous 10 conduct under
full-scale conditions. The RCM was, and is, cxpensive 10 run and there are
certain imitations in maneuvering potential because of the size of the MASK
(Maneuver and Sea Keeping basin) at DTRC.

in the late 1970's, the potential for the use of parametsr estimation and system
identification (Si), which grew out of opiimal control theory, was explored. S
techniques were developed at DTRC and ©0 this day a combination of fixed
model tests, ARCM, and S! are the mainstays of simulation development of
submarine motions in the U.S. Navy.

However, as importart and vesiul as the techniques discussed above have
been, the results do not contribute 10 an understanding of the hydrodynamics of
submarine behavior. In addition, Si application remains more of an ‘art form® as
opposed 10 a scientific methodology. Further, the early promise that Si would
lead not only 10 a more precise method of ‘curve fting®, but 1 insights into
hydraulic responses remains unfulfiied. As an example, the observed
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pitch/depth oscillations that occur in the OHIO Class submarines during high
speed tums is simulated by tuming on a sine wave pitch and depth disturbance.

Current research efforts, primarily sponsored by ARPA's Sub Tech program

have lead t0 the establishment of a Computational Fluid Dynamics Laboratory at

DTRC. This laboratory has, as one of its primary goals, the development of

methodologies which will permit the prediction of a submarine performance from

basic design information. Attainment of that goal is still in the future and

currently it continues 10 be necessary 1o utilize RCM, fixed-model testing, and Sl
hodolodies desoite their Kmitations.

Artificial Neural System (ANS) has proven 0 be a successful approach o real-
tme -process modeling. However, traditional ANS training algorithms, such as
determination of the optmai net configuration are other time consuming
problems associated with traditional training algonthms.

Advantages of the AWI's ANS

Compared with conventional modeiing techniques, the AWI ANS modeling
spproach has the following advantages:

o Empirically based. The ANS model refies solely on experimental or
numerical data which is used as the training data for the ANS model.

* Real-time. The ANS model, in the lorward mode, is capable of running in
real ime, even on an ordinary MS-DOS besed machine.

o Near real-time inverse. Not only can the ANS model predict the future
submerine trajectory when given he cument condition and control
variables, such as the posittion of rudder, stem planes and forward
planes, but AWI's ANS aiso can detarmine the necessary control
variables 10 lead the submerine 10 an O0perator specified position at some
future time. In the inverse mode the ANS is capabile of operating in near-
real time on an MS-DOS based machine.

To overcome the problems associaled with the taditonal ANS training
sigorithwme, AW! developed a propristary training aigorfthm cafled the Optimized
Entropy aigorithm. This aigorithm consicders the delta error (the mean error of
the net). as well as the “Entropy,” as the driving forces of the net. In traditional
training algorithmes the mean eror is the only driving force; this rule is called the
“Defia Rule.” AW researchers have found that there is another driving force
thet we call "Entropy.° The entropy, or lack thereol, is the mejor reason for
leaming instabilities, such as iocal minimum. This is accen*usted when lsaming
rates are maximized. By using the Optimized Entropy rule, AW has reduced the
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time required for the net 0 converge, and increased the efficiency of the net
through the elimination of unessential nodes and links.

The unique significance of this system is tha use of a new neural network
training aigorithm, called the “‘Optimized Entropy” algorithm, to train the neural
network. This aigorithm can accelerate the network leaming process, overcome
learning instabilities, and optimize the net configuration. The Optimized Entropy
algorithm enables the solutions 10 difficuit problems on a desktop computer
within an acceptabie time frame.

Objectives for the current work

The objective for this project is 10 show the feasibility of using a PC based ANS
1o model the submarine trajectory as the function of submarine speed, the
position of the rudder, the stem planes, and forward planes and the control
planes’ hoiding time. The training data used in this project is obtained from a
computer based simulation program supplied by Dr. John Ware at Computer
ScwncaCocmuon(CSC).Thuommmasons usawmoddata
instead of actual operational data the

Second, it the ANS can simulate the simulation program, ntsreasonabloto
believe that the ANS also can simulate the operational taTheabﬂtytomodel
the simulated data will prove the feasibility of using the PC based ANS, and
therefore satisfy the objective of the program.

Artificlal Neural Systems

Artificial Neural Systerms (ANS) are loosely based on biological neural networks
and offer a computer technology that is a useful 0ol in process modeling and
signal processing. The ANS consists of & series of nodes (neurons) and
weighted connections (axons). As with a biclogical neural network, the
assignment of the values of he weights and the size and configuration of the
network is the key 10 a successis net.  Unfortunstely, we have only begun to
understand the inner workings of thess constructs. Consequently, relatively
unsophisticated 0ois are currently employed 10 develop working networks.

Traditionaily the approach 0 model deveiopment is 1 gain a thorough
understanding of the underlying scientific or engineering principles of the
process. A model is then developed that is based on mathematical reistionships
inherent in the process parameters. The principal drawback with this approach
is the tme and effont required 1© develop an understanding of thess basic
scientific or engineering relationships. Depending on the complexity of the
problem, it can take many years and an exiensive ressarch program 0 deveiop
the relationships. Ofen. nstead, a number of simpiitying assumplions are made
and an approximete model is deveioped. That approach, while being an
expeditious method for developing an approximate model that could be useful,
provides only a theorstical approximation that may not be valid for the actual
problem application. With the exising modem computers it is aiso frequently
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possible to develop computer based numerical solutions. However the
generation of solutions using numerical analysis on-line are often too time-
consuming to be useful for real ime analysis.

The ANS, when a network can be found to solve the problem, provides an
accurate model of the process or signal. Neural networks are empirically based
systems that, when presented with a specific input pattern, can associate
specific output pattens. It is, essentially, a highly complex, non-linear,
mathematical relationship or transform. However; it is not necessary for the
deveioper of such a system to understand the basic undertying principles of a
process in order 10 develop a highly accurate ANS based model of the process.
Thus, in this way it is Quite different from other mathematical modeling or signal
processing approaches.

Basic Principles

The problem of an ANS is 1o decide how many nodes and connections are
needed 10 model a specific problem; t0 decide how to configure them; and to
decide the specific values of the connection weights and the transfer functions
that exist within the network. Figure 1 represents a schematic diagram of a
neural network and Figure 2 is a representation of the weights, transfer
functions, and the mechanisms of network operation. There is no direct known
correspondencs between the network parameters, its operation, and the problem
1o be modeled by the network. As a consequence. there are currently a lack of
good mechanisms the! can be used 10 directly assign the weights and transfer
functions in the network so that it can solve a problem. The methodology of
finding a proper net configuration and weights 10 model a given problem is to
step through a series of searches 10 find the optimum solution. This process is
called “‘Leaming.” There are many leaming aigorithms that have been
deveioped’. They all have some advantages and restrictions. in the modeling
and signal processing areas, the back-propagation method is the most popular.

e
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Neural network X2
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Figure 2 Schematic Representation of a Neural Network Node
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Figure 1 Schematic Diegram of a Neural Network
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Back Propagation

The back propagation method assumes that the search in weight space for an
optimum, or near optimum, network configuration can be accomplished as an
iterative search using the error gradient, i.e., slope of the error surface in L2
space™. That is, a series of moves are accomplished on the multiple-
dimensional error surface using approximately the maximum mean squared error
gradient direction as the move direction at each iteration. The error, also called
the delta, in the network is defined as the mean squared error between the
desired output representation and the actual output given the current weight
matrix values of the cumrent net. By calculating the maximum gradient of the
delta for any given training example (set of input and corresponding output
pattems), the weights are adjusted so that the net moves along that gradient
direction in each presentation of the training example to the network®. Using this
procedure, the network slowly “leams” to associate all of the training example
input pattems with the correct corresponding output patterns by finding a global
minimum on the error surface. Since the primary driving force in the back-
propagation method is the mean squared error -- delta, it also called the “delta
rule.”

This “basic® back propagation leaming process has several significant
drawbacks. First, the optimum configuration, i.e., number and relative location of
hidden representation units or nodes cannot be pre-determined and, yet, needs
to be pre-assigned by using an “educated guess” in order to use this procedure.
Since the node configuration can significantly affect the operation of the
network, this w | at best lead to a long series of re-tries and, at worse, to no
useful network at all. Second, this process is very slow and the leamning rate (a
constant to define the search step size) is set arbitrarily, traditionally at a value
between zero and one. Even though research is being conducted, no current
known method for predetermining the leaming rate (gain term) will consistently
choose an optimum value, and the optimum value is significantly influenced by
the specific problem being presented to the network. Third, it has been shown

‘L Space is defined as
Lm=(R", dw)

here R is a real number set, therefore R" is the vector set,
R = {( x4, %, ..%a) | Xi € R)

The distance function d,, is defined as i

An{(X1.. X0 X Y1 Y21 Y (XY 1) (D2¥21) ™+ ...+ (/ %0y o) ™)
where 1<amase. It can be easily proven that when m approach infinity,

Leo= Max Ny

Mathematicsily, the L, space is a matrix space. Most common used L, spaces are: L, Lo, and
lee
in this application L, space i used and n is equal 10 the nu er of desired outputs. The
distance function d; is used 10 determing the error or error gradient—-the difference in desired and
actual outputs. The error detarmined by d; is aleo called the mean square eTor.

10
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that it generally requires a larger network to “leam” a problem than is required to
solve the problem. Considering the many studies, it is generally known that the
net could be trimmed to a smailer size. However, there is no known method of
reducing the size of the network optimally after training to optimize the net
performance. Finally, leaming instabilities exist in many problems that will
cause the network to stop leamning (converging). One of these instability types
is known as a local minimum. A local minimum is a depression in the error
surface, but one that is not the optimum minimum or lowest error position. In its
search routine, the network algorithm may fall into a local minimum and since the
error gradient is toward the local minimum from all directions, may not be able to
exit from it.

The-Optimized Entropy Network

A proprietary method developed at AW! for training neural networks has been
shown to overcome all of the known problems with the back-propagation
method, while maintaining the inherent stability and known network development
capabilities of that method. This network was developed through the use of a
thermodynamic model of the network operation that included both the delta
energy, the kinetics of the network and optimization functic.is. The technique,
known as the Optimized Entropy Network (O-E Net), has been used on several
applications ranging from high speed signal processing to vision systems.

At the American Welding Institute researchers have studied the leaming
behaviors of artificial neural networks for several years. Based on the
thermodynamic and kinetic model of the learning, it was discovered that the
learning is not only driven by the deita, but also by another important tactor—the
entropy, which is defined as the driving forces of the net. The entropy is a
kinetic measurement about how well the neural network is leaming at certain
stages of the training. Sometimes, even if the deita is large but entropy is low,
the system will not leam. This is the case when the system reaches a local
minimum or other kind of leaming instability. Additionally, the mathematical
functions used for the training of the ANS have been optimized as well. The
optimized entropy algorithm will monitor the entropy closely during the learning,
maintaining a reasonable entropy whie pushing the leaming rate as high as
possible using the optimized mathematical functions.

The O-E Net has achieved leaming rates greater than 1000 times that of the
standard back propagation method for complex problems while also preventing
the network from falling into leaming instabilities. Research conducted by the
AJ! researchers has confirmed the existence of at least three types of leaming
instabilities (local minimum, trough and flat surface) and the O-E Net algorithm
can avoid all three instabilities. In addition, using entropy as the critical driving
force, the 3ystem configures itself dynamically during the ieaming process and
80 it can produce a near optimum network size for operation, often much smaller
than the network needed to “leamn” the problem.

1"
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Deveiopmental Procedures

The steps and processes used in the deveiopment of the ANS for this project are
described in detail in the following sections.

implementation Scheme

For this feasibility study, it was decided to model the submarine trajectory over a
1000 second time frame. There are four measurements related to the submarine
trajectory: Depth (in feet), Pitch (in degrees), Heading (in degrees), and Roll (in
degrees). The control variables are:

e The speed of the submarine, from 2 knots to 15 knots.

e The angle of the stemn plane, from -15 degrees to +15 degrees.
¢ The angle of the rudder plane, from -15 degrees to +15 degrees.
¢ The angle of the forward plane, from -15 degrees to +15 degrees.

o The planes’ holding time before retuming back to the neutral position,
from 10 seconds to 100 seconds.

Two sets of data are required to train a neural network: a training data set and a
testing data set. The training data set contains the data which is presented to the
neural network for training, i.e. development of the ANS structure needed for
identification of the desired features in the data set. The testing data is used to
test the performance and accuracy of the trainad neural networks. To verify the
accuracy of the final ANS, the test data set containg all combinations of the
following data points, also known as via points:

Speed: 2,25,3,35,4,5,6,7,8,9, 10, 11, 12, 13, and 15 knots.
Stem plane: -15, -12, -9, -8, -3, 0, +3, +86, +9, +12, and +15 degrees.
Rudder plane: -15, -12, -9, -8, -3, 0, +3, +86, +9, +12, and +15 degrees.
Forward plane: -15, -12, -9, -8, -3, 0, +3, +8, +9, +12, and +15 degrees.
Holding Time: 10, 20, 35, 50, 65, 80, and 100 sec.

Therefore there a.e a total of 15x1 1x11x11x7=139,755 test data samples.

The O-E aigorithm will automatically determine the training samples as
necessary during the training process. The final training samples are listed in
Tabile 2 in the Training section and Appendix B. Both test and training data
sampiles are produced by the simulation program supplied by Dr. John.

Experience has lead AW! to develop multiple-output networks by training a net
for each ftrajectory measurement individually and then combining each net into
one final ANS. Arithmetically there are no differences, only savings in the total
training time that would otherwise be needed. Another advantage is the ability

12
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to easily add new types of output at a later time. To further reduce the required
training time and size of the net, each individual neural network works only
within a certain speed range: low speed ( 2 to 5 knots), medium speed (5 to 10
knots), or high speed (10 to 15 knots). Therefore, there are a total of 12
individual neural networks which have been developed. Table 1 lists the names
of each individual net and its working domain.

Table 1. Neural Networks Developed For this Project

Depth Pitch Heading Rolt

Low Speed (2-5 Knots) SUB11.NET | SUB12.NET | SUB13.NET | SUB14.NET

Medium Speed (5-10 Knots) | SUB21.NET | SUB22.NET | SUB23.NET | SUB24.NET

High Speed (10-15 Knots) | SUB31.NET | SUB32.NET | SUB33.NET | SUB34.NET

Although 12 individual neural networks are contained in the system, they are
fully integrated together as a whole through the runtime user interface. Hence
the user only “sees” one ANS.

Graphical User Interface

Two graphical user interfaces were developed for this project. One of the user
interfaces was only used for training and testing the individual nets. Another
graphical user interface (GUI) was developed for use with the runtime ANS,
which combines all twelve nets into one. Both interfaces were developed using
the C++ programming language. They are menu driven graphic interfaces which
use an AWI proprietary GUI management tool called “WIN.” Both interfaces can
be run on either an IBM RS6000 UNIX workstation or a DOS based |1BM
personal computer. To reduce the training time, most of training and testing was
done on an RS6000 workstation.

Implementation and Training Interface

The input to one individual network consists of the speed, stemn plane angle,
rudder angle, forward plane angle and the hold time for the control surfaces.
There are a total of 78 output nodes for each individual neural network which is
logarithmically distributed in the 1000 second time frame (Figure 3). Obviously,
the manner of choosing the proper number of output data points and their
distribution has lot to do with the accuracy and training time. Several schemes
were tested, including the exponential distribution, linear distribution, and
logarithmic distribution combined with different numbers of output nodes from 50
to 100. The 78 output nodes with a logarithmic distribution is the best
combination based on experience and is chosen as the final configuration.

13
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j¢—————— 1000 seconds o

Hidden Layer

Speed Stem Rudder Forward Hold
Plane Plane Time

Figure 3 Schematic Presentation of inputs and Outputs of the Network

The training GUI developed by AWI is a generic user-friendly interface (Figure
4). This interface is written in the C++ programming language and can run on an
IBM-or compatible PC and an RS 6000 workstation without code modification.
Using this interface, the training and testing can be done in an “automatic”® or
‘manual®” manner. The training files and training data are easily accessible
through the GUI. The user can easily adjust the training parameters manually,
such as the leaming rate, net configuration, input/output distribution functions,
and weights.

14
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Figure 4. The Training Inte.face

This interface also allows the generation of the training and testing samples
using the numerical simulation program, which is a non-GU! program. The data
can be generated randomly or automatically. For random generation, the user
can type in variables such as the time and angle of each control plane through
the GUI (Figure 5), then the GUI will cause the simulation program to calculate
the results. The resuits can then be displayed graphically on the screen (Figure
6). For automatic data generation, the user can specify the via points of each
variable, then the GUI will automatically generate all samples on the grid and
store them on the hard disk. Another button on the GUI allows the user to
convert this data into a format which can be directly used for training and testing

purposes (see Figure 6).

15
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Figure 6 The Sample Generated by the Numerical Computation

As previously mentioned, AWI has trained twelve individual nets, each of which
is responsible for performing one measurement of the submarine trajectory in
one speed . range. For each net, there is a job file and a training file associated
with the training process. Therefore, for the problem discussed herein, there are
twelve job files and twelve training files. The job file contains the general
information of the trained net, such as the number of input and output nodes,
and the distribution scheme of the output nodes. The training file contains all
training and testing file names. Each time, the GUI can only train and test a
single job. By using the “Load Job” button, various jobs can be loaded into the
GUI for training and testing.

Trial Training

As previously discussed, two very important factors must first be determined,
which are the number of output nodes and the distribution scheme of these
nodes in the 1000 second time frame. Using the training interface, a series of
rough trial training runs are conducted to determine the optimum number of
output nodes and the distribution scheme. The objective of a trial training is to
train the net to within a 20% error level with various combination of output nodes

17
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and distribution schemes. The testing range for the number of output nodes is
from 50 to 100. The distribution functions used in the test are the linear,
exponential, and logarithmic. The optimum combination is determined based on
the number of training cycles and the overall time needed for each trial net to
converge. Based on the results from these trial trainings, a 78 output node
network using logarithmic distribution was selected.

Training

As previously identified, the training was done individually for each
measurement of the trajectory within certain speed range. Each individual
training set was done in the following manner. Initial training of the net was
performed with 10 randomly selected training samples. After the net converges,
it is tested on all 139,755 testing samples. If the result is not satisfactory, the E-
O algorithm will suggest the next training sample which needs to be added.
Using the numerical simulation program, the designated sample will be
generated and added into the training set automatically. The net will be retrained
using this new training sample. This procedure will be repeated many times until
the final testing resuit is satisfactory.

Through the training interface, the above procedure can be done automatically.
Table 2 summarizes the number of training samples used by each individual net
and Appendix B lists detailed information of all training samples used in the

training.

Table 2 Number Of Training Samples Used By Each Net

Net Name Number of training
SAMPLES

SUB11.NET 287

. SUB12.NET 197
SUB13.NET 89
SUB14.NET 130
SUB21.NET 175
SUB22.NET 255
SUB23.NET 388
SUB24.NET 254
SUB31.NET 301
SUB32.NET 248
SUB33.NET 485
SUB34.NET 183

Even though there are 12 individual ANSs, there are some similarities. For

example, the number of input nodes and output nodes for each ANS is the same.
The differences lie in the number of hidden layers and nodes within those

hidden layers. The optimization procedures of the Optimized Entropy rule yieid

18
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individual representations. Figures 7 shows schematic representations of two
ANSs thus configured. The SUB12 has 5 input nodes, 78 output nodes, and two
hidden layers of twelve and fourteen nodes respectively. The SUB14 has the
same input and output nodes, yet it consists of two hidden layers of ten and
twelve nodes respectively. This lafter ANS structure is designated as
5x12x11x78. Table 3 summarizes the net configuration for each individual neural
network.

-,
L

R 4
U LITEERL I REAARERRREIIERE)

(7a) SUB12.NET
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Job Name: 3UBLS

et Narwa:
246 +0 Size: 1J0/-964
Structure: SxiOxi2xTe

SUBILSFIN

(7b) SUB14.NET
Figure 7 The neural network configuration for SUB12.NET and SUB14.NET

Save MNet
Show MNat Exit

Load Net
Load CMat

Load Job Cupy Job Result
Train Tool

Table 3 Net Configuration for Each Net

Net Name Number Of Links
SUB11.NET 5x12x15x78 2916
SUB12.NET Sx12x14x78 2820
SUB13.NET 5x12x14x78 2820
SUB14.NET 5x10x12x78 2436
SUB21.NET 5x12x14x78 2820
SUB22.NET 5x12x12x78 2628
SUB23.NET 5x12x14x78 2820
SUB24 NET 5x12x11x78 2532
SUB31.NET 5x14x13x78 2918
SUB32.NET 5x10x11x78 2342
SUB33.NET 5x15x15x78 3213
SUB34.NET 5x11x14x78 2722

Summary 5x144x159x78 32987
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Testing

There are two types of testing, namely: automatic and random. In the automatic
mode, the program will automatically test the current net through the entire
139,755 test data and record the maximum error, mean error, and other useful
statistical results into a file (see Appendix A) and/or display the results on the
screen (Figure 8). In Figure 8 the results should be read as follows. Each
horizontal plot (there are 8 such plots in the Figure) shows the sample number in
the upper left box, below that the maxdmum error for that sample and below that
the mean error for that sample when the computer generated results and the
ANS generated results are compared. Looking at the plotted values, the first
five lines represent the input parameters, the next 78 data points are the values
generated by CSC's simulation program and the last 78 data points are those
determined by the ANS for that sample. In the random testing mode, the user
can specify the input of any value within the operating domain, and the output of
the neural network will then be compared with the result of the numerical
simulation program and the output curves will be plotted on the computer screen

for comparison.

Figure 8. The testing result screen.
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Runtime GUI snd Combined Neural Net

The summation of each individual net in the final run-time configuration yields
the same results as if the net were configured as a whole. The real benefits are
in the saving of a great deal of development time and effort. Figure 9 shows the
runtime GUI.

N Figure 9 The runtime GUI
Resuits and Analysis
AWI has developed an ANS based submarine simulation with 8 maximum error

over the entire domain of the ANS no larger than 7%. in most cases the actual
eror is significantly less. Table 4 summarizes these results for each ANS.

The maximum error, E is calculated by the following formula:
E=max{iOr-O\i}/N

Here O, is the actual output of the i node of the ANS and D, is the desired value
of the output node, where i runs from 1 to 78. N is the dynamic range of the
output, which is listed in Table 5
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Table 4 Final Results
Net Name Maximum Error E

SUB11.NET 0.02
SUB12.NET 0.045
SUB13.NET 0.06
SUB14.NET 0.045
SUB21.NET 0.04
SUB22.NET 0.08
SUB2I.NET 0.02
SUB24.NET 0.07
SUB31.NET 0.08
SUB32.NET 0.08
SUB3JA.NET 0.03
SUB34.NET 0.08

*Results are based on testing the developed ANS against 139,755 test data

poins.

Table 5 The Dynamic Range. N

Nt Name
[ SUBTTNET
[_SuB12.NET

SUB13.NET
SUB14.NET_
SUB21.NET
SUB22.NET

B3 E | (8[3[8]~ (B8]

The system can be run in either forward or inverse mode. When the system is
running in the forward mode, the screen will be similar to Figure 10. Moving the
of each control variable causes the submarine trajectory to be

On the forward screen, the control variable, which is the input 10 the ANS is
shown on the slide bar located on the botiom part of the screen. These bars can

23
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be slid up or down using mouse. A additional slide called “Scale” is shown on
the same screen as well. Moving this slide can change the output piot scale. The
predicted submarine trajectory will graphically displayed on the top part of the
screen, which are the depth, pitch, heading, and roll. The positive depth means
the submarine goes down. The pitch, heading, and rolling angle in
counterclockwise direction facing the bow of the submarine are positive.

2196 Headinyg )

Figure 10 Running the system in forward mode on the runtime GUI

When the system runs in the inverse mode, the screen wiii be similar to Figure
11. The user can specify a point on the submarine trajectory at some time in the
future. For example, the user can require that the submarine to be at a depth of
1500 feet, a heading of -30 degree, a pitch of 0 degrees and at a roll angle of 0
degrees relative to current position at a point in ime 800 seconds later. Then the
system will recommend the proper values for each control vanable in order to
lead the submarine 10 pass the desired point 800 seconds later as closely as
possible (see Figure 12) assuming the user did not request an impossible
condition. if the user did ask for the impossible, then the ANS still tries to match

the request as ciosely as possible.
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Faud Plans
1h. @

Figure 12. The inverse result.
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When the system runs in the inverse mode, the control variables can be
weighted in a range from 0 to 5. This weight represents the freedom to change a
particular parameter. Weight 0 means no freedom at ali, which simply means
that this control variable cannot be changed. For example, if the speed is 12
knots and the weight for the speed is 0, the algorithm must keep the speed
constant at 12 knots while attempting to vary other control variables, such as the
angle of the stem plane, rudder, and forward plane, and hold time, so that the
submarine can pass the required point at the required time as closely as
possible. Weight 1 means this variable has least freedom, while weight 5 means
this variable has the greatest freedom of change. The algorithm will attempt to
adjust the variables which have the highest degree of freedom first, and the
variable(s) with lowest degree of freedom last, if necessary.

Each individual measurement of the trajectory also has a weight associated with
it when the system is running in the inverse mode. This weight controls how
closely this measurement has to be matched. Weight 0 means it is not important
at all while 5 indicates that it is the most important.

Running a neural network in the inverse mode represents a search problem
which can be approached with a thorough search or a gradient search. The
thorough search guarantees that the best possible answer will be found, but it is
also very time consuming. The gradient search can save a great deal of time,
but the local minimum (or local maximum) problem can occur and prevent the
system from continuing to find the best solution. The O-E algorithm used in our
ANS training is adapted to inverse searching and speeds up the search while it
guarantees that it will find the global minimum solution. The entire search
process only takes about 4 seconds on a 90 MHz Pentium PC.

Conclusions

AWI has successfully demonstrated the feasibility of modeling the submarine
trajectory using ANS. Several advantages have been revealed through this

study:

o Empirical based model can be developed without the use of human
experts.

o The ANS model can be developed at a significantly lower cost than
traditional modeling approaches.

¢ Requires less computing power to run the finished model which enables
the forward system to run in real ime on a conventional PC.

o Near real time inverse model has been developed, which can be used in
a crew training system or an automatic control system. The inverse
model can be developed to run in real time, although the current ANS
takes 4 seconds to determine input parameters on a Pentium based PC.

26
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Future Work
Several possible future steps are suggested:

e Apply AWLI's proprietary ANS approach with real data instead of simulated

data.
e Using a multiple processor workstation, train the ANS to a much higher

accuracy.
e Apply the ANS as a training tool for submarine.

References

1.

10.

11.

Lau, Clifford, Neural Networks, Theoretical Foundations and Analysis, The Institute of
Electrical and Electronic Engineers, inc., New York, 1992,

Stakgold, Ivar, Green's Functions and Boundary Value Problems, Pure & Applied
Mathematics, John Wiley & Sons, New York, New York, 1979.

Rumeihart, McClelland, et.al., Paralle/ Distributed Processing, Vol. 1, The MIT Press,
Cambridge, Massachusetts, 1988.

Pierre Buldi and Kurt Hornik, Neural Network and Principal Component Analysis: Learning from
Examples Without Local Minimal, Neural Networks, Vol. 2, pp. 53-58, 1989.

J. J. Helferty, J. B. Collins, and M. Kam, A Neuromorphic Learning Strategy for the Control of a
One-Legged Hopping Machine, International Joint Conference On Neural Networks, Vol. II, pp.

621, 1989.

T. Troudet and W. Memill, Neuromorphic Leaming of Continuous- Valued Mappings in the
Presence of Noise: Application to Real-Time Adaptive Control, International Joint Conference On
Neural Networks, Vol. II, pp. 621, 1989.

B. R. Kammerer and W. A. Kupper, Design of Hierarchical perceptron Structures and Their
Application to the Table of Isolated Word Recognition, International Joint Conference On Neural

Networks, Vol. I, pp. 124-150, 1989.

X. Xu, A. Rock, and J. Jones "Neural Network Simulation for Welding Image Understanding”
Proceedings, First INNS conference, Minneapolis MN, Aug. 1988.

X. Xu, J. Jones "A New Computerized Technique for Calculating Ferrite Content”, Presented at 1989
AWS 70th annual conference, Washington, D.C. April, 1989.

A. Rock, X. Xu, and J. Jones "Neural Network Applications in Automated Visual Weld Seam
Tracking”, Presented at 1989 AWS 70th annual conference, Washington, D.C. April, 1989.

X. Xu, A. Rock, and J. Jones "Investigation of an Artificial Neural System for a Computerized

Welding Vision System” Proceedings, ASM Intemational "TRENDS IN WELDING RESEARCH",
Gadinburg TN, May, 1989.

27




AWI/94-008

12.

13

14.

15.

16.

17.

18.

X. Xu, A. Rock, and J. Jones, "Accelerated Leamning Neural Network For Material Processing Sensor
Data Analysis” International Conference & Exhibition On Computer Applications To Materials
Science And Engineering (CAMSE'90). Aug. 1990, Tokyo, Japan.

X. Xu and J. Jones, "A NNS based mathematical model of heat flow in PAW and GTAW welding"
72nd American Welding Socicty Annual Meeting, April, 1991, Detroit.

X. Xu and H. Vanderveldt "Prediction of Mechanical Properties of Weldments by Artificial
Neural Networks", 1993 AWS Annual Conference, April, 1993, Houston.

X. Xu, et al, "Computerized Storage for AWS D1.1 Welding Procedures with Graphics",
1993 AWS Annual Conference, April, 1993, Houston.

X. Xu and Hans Vanderveldt, "The Use Of Neural Network Technology In Welding And
Materials Application”, Proceedings, Modeling in Welding Conference. Dec. 1993, Orlando.

X. Xu and Vem Sutter, "Detection And Control Of Root Pass Weld Penetration”, Proceedings,
Modeling in Welding Conference. Dec. 1993, Orlando.

X. Xu "Empirical Modeling For Intelligent Real-time Manufacture Control”, Proceedings,
Technology 2003 Conference. Dec. 1993, Los Angeles.

28




AWI1/94-008

Appendix A Test Results

Testing Result File (Partial)

Job:sub32

Net:sub32

Structure:5x10x11x78

Sample# L1Error  L2Error 00025  0.010912  0.000524
00000  0.009584  0.000445 00026  0.031768  0.001723
00001 0.019626  0.000900 00027  0.043140  0.002540
00002  0.026579  0.001497 00028  0.007182  0.000372
00003  0.014546  0.000764 00029  0.018025  0.000959
00004  0.023326  0.061140 00030  0.023484  0.001125
00005  0.017296  0.000901 00031  0.013500  0.000723
00006  0.052169  0.004012 00032  0.012783  0.000625
00007  0.006562  0.000365 00033  0.035759  0.001974
00008  0.020237  0.000851 00034  0.040072  0.002383
00009  0.024025  0.001369 00035  0.007059  0.000364
00010  0.015869  0.000823 00036  0.017297  0.000957
00011  0.020226  0.000887 00037  0.027556  0.001270
00012  0.019070  0.000981 00038  0.012448  0.000696
00013  0.056834  0.003213 00039  0.009491  0.000481
00014  0.007084  0.000364 00040  0.030931  0.001694
00015  0.020039  0.000977 00041 0.031909  0.001862
00016  0.021303  0.001238 00042  0.007442  0.000361
00017  0.015842  0.000820 00043  0.016151  0.000919
00018  0.015814  0.000599 00044  0.034079  0.001597
00019  0.024821  0.001306 00045  0.009477  0.000529
00020  0.047241  0.002730 00048  0.011049  0.000535
00021 0.007489  0.000374 00047  0.015504  0.000798
00022  0.019185  0.000974 00048  0.020171  0.001072
00023  0.021592  0.001140 00049  0.018038  0.000801
00024  0.014741  0.000773 00050  0.017739  0.000843

B
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00051 0.034067 0.001928 00087 0.011089 0.000541
00052 0.013553 0.000676 00088 0.008341 0.000424
00053 0.009227 0.000464 00089 0.018807 0.000959
00054 0.022963 0.001204 00090 0.010571 0.000519
00055 0.051995 0.002938 00091 0.013451 0.000638
00056 0.013935 0.000591 00092 0.014964 0.000779
00057 0.019675 0.000903 00093 0.036845 0.001926
00058 0.032220 0.001847 00094 0.021770 0.001060
00059 0.011371 0.000540 00095 0.010959 0.000472
00060 0.011556 0.000551 00096 0.017353 0.000519
00061 0.024061 0.001268 00097 0.013557 0.000579
00062 0.036316 0.002073 00098 0.020792 0.000876
00063 0.010664 0.000468 00099 0.021670 0.001012
00064 0.020723 0.000960 00100 0.040955 0.002251

00065 0.030113 0001751 = e
00066 0.009914 0.000470

00067  0.014988  0.000713 29489  0.014399  0.000625
00068  0.028057  0.001505 29490  0.022989  0.001168
00069  0.027938  0.001605 29491 0.013817  0.000839
00070  0.008654  0.000422 29492  0.018055  0.000959
00071 0.020918  0.000987 29493  0.022910  0.000985
00072  0.028201  0.001676 29494 0028272  0.000925
00073  0.008853  0.000445 29495  0.012534  0.000533
00074  0.017677  0.000855 29496  0.014741  0.000837
00075  0.031658  0.001719 20497  0.023222  0.001109
00076  0.024126  0.001382 20498  0.041649  0.001941
00077  0.007950  0.000410 20499  0.038827  0.002115
00078  0.020584  0.000987 20500  0.043788  0.002066
00079  0.020925  0.001694 29501 0.038054  0.001601
00080  0.007899  0.000445 20502  0.025421  0.000946
00081 0.016167  0.000773 20503  0.019488  0.000916
00082  0.030207  0.001633 20504  0.035625  0.001937
00083  0.019533  0.001074 20505  0.035580  0.001627
00084  0.008834  0.000431 20508  0.030043  0.001663
00085  0.019684  0.000951 20507  0.037472  0.001718
00086  0.033959  0.001864 20508  0.034051  0.001386
30
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20509  0.023392
20510  0.018463
29511 0.037033
20512  0.028962
20513  0.021201
20514  0.030962
20515  0.029912
20516  0.021251
29517 0.016311
20518  0.035318
29519  0.022296
29520 0.016776
20521  0.024315
29522 0.026032
20523  0.019389
29524 0.013357
20525  0.031637
20526  0.016013
20527 0.018131
20528  0.020186
20529 0.021963
20530  0.017529
20531  0.011916
20532  0.027165
20533  0.010577
20534  0.016105
29535  0.019022
20536  0.020480
29537  0.015514
29538  0.012248
20539  0.022709
20540  0.009582
20841  0.015851
20542  0.017694
20543  0.019033
20544 0013773

0.000847
0.000864
0.001975
0.001290
0.001194
0.001355
0.001167
0.000739
0.000771
0.001873
0.000968
0.000772
0.001014
0.000962
0.000625
0.000858
0.001689
0.000706
0.000549
0.000769
0.000803
0.000527
0.000563
0.001488
0.000550
0.000853
0.000719
0.000741
0.000461
0.000492
0.001309
0.000505
0.000872

0.000452
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29546
29547

29549
29550
29551
29552
29553
29554
29555
29556
29557
29558
29559
29560
29561
29562

0.012562
0.020039
0.033828
0.037396
0.041488
0.037336
0.025233
0.023961
0.033843
0.027390
0.027429
0.033715
0.032618
0.023084
0.022352
0.033817
0.020931
0.020936
0.025927
0.028080
0.020672
0.020292
0.032292
0.015037
0.018323
0.018543
0.023087
0.017935
0.018143
0.029131
0.010003
0.016108
0.016393
0.017944
0.014919
0.015995

0.000441
0.001165
0.001599
0.002060
0.002062
0.001583
0.000954
0.000915
0.001796
0.001251
0.001553
0.001641
0.001320
0.000843
0.000874
0.001826
0.000907
0.001058
0.001210
0.001041
0.000708
0.000790
0.001715
0.000615
0.000658
0.000824
0.000779
0.000572
0.000694
0.001546
0.000429
0.000530
0.000597
0.000618
0.000470
0.000599
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20581  0.025602
29562  0.006589
29583  0.015237
20584  0.015317
29585  0.014107
29586  0.012175
29587  0.013680
20588  0.022166
29589  0.007582
29500  0.015109
20591  0.013899
20592  0.014481
29593  0.010067
20594  0.011203
20595  0.019361
20596  0.026385
20597  0.034508
20598  0.037508
20509  0.033119
20600  0.022615
20601  0.028034
20602  0.025378
20603  0.020023
20604  0.023911
20605  0.027597
20606  0.027200
20607  0.019781
29608  0.026394
29609  0.023627
20610  0.014220
20611  0.020683
20612  0.017536

0.001374
0.000364
0.000871
0.000628
0.000845
0.000464
0.000502
0.001218
0.000353
0.000842
0.000775
0.000788
0.000574
0.000424
0.001094
0.001350
0.001897
0.001898
0.001497
0.000951
0.000910
0.001255
0.001001
0.001357
0.001419
0.001159
0.000806
0.000869
0.001296
0.000701
0.000878
0.000945

29613
29614
20615
29616
29617
20618
29619

Over All Maximum L1 Error : 0.060023 (Sample 25989)
Over All Maximum L2 Error : 0.004701 (Sample 25969)
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0.021467
0.016077
0.024359
0.022984
0.009445
0.018163
0.014362
0.015557
0.013266
0.022086
0.020944
0.006974
0.016423
0.013565
0.011762
0.012933
0.019564
0.018640
0.006572
0.015613
0.012384
0.013058
0.012760
0.016890
0.016731
0.007273
0.017357
0.012792
0.018016
0.017916
0.013600
0.015884

0.000809
0.000629
0.000795
0.001220
0.000504
0.000583
0.000573
0.000536
0.000489
0.000705
0.001099
0.000421
0.000588
0.000489
0.000515
0.000501
0.000624
0.000981
0.000386
0.000724
0.000648
0.000707
0.000676
0.000584
0.000888
0.000348
0.000825
0.000799
0.000903
0.000900
0.000827
0.000816
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Appendix B The Training Data Set

Note: The Speed is in feet, Stern, rudder, and forward plane angle is in
degree, and the Hold-time is in 1/10 of seconds.

Job:SUB11 20 6 9 -15 650
Net:SUB11FIN 50 15 15 15 200
Speed Stern Rudder Fwd Hold-Time 20 12 -5 15 100
50 15 0 -15 1000 20 3 -15 -15 1000
50 -15 0 15 1000 30 6 15 15 1000
50 15 0 -15 100 20 -3 -5 -12 800
50 -15 15 15 100 20 0 15 -12 1000
50 -15 -15 15 100 50 6 3 15 100
0 15 3 15 100 20 -15 12 -15 800
50 15 3 -15 800 20 9 -5 9 500
20 -15 -15 15 1000 50 -15 6 -12 100
50 15 -15 -15 200 40 9 -15 12 1000
20 15 -15 -15 800 40 -15 15 15 100
50 -15 -15 -12 350 30 3 15 -9 1000
50 -15 -15 15 350 50 -12 9 -15 200
50 9 -15 -15 100 40 6 15 12 100
20 -15 15 9 1000 20 15 - 15 100
20 15 15 -15 1000 50 15 15 15 200
30 -15 -15 -12 1000 30 9 0 -15 1000
20 3 3 15 1000 50 15 15 -9 100
50 15 0 15 650 40 15 0 15 200
20 0 15 -15 100 20 15 3 -15 1000
30 12 0 3 1000 20 15 15 -15 500

40 -9 15 1§ 200 40 -12 -15 -3 1000
30 -5 -1 9 200 3.0 9 -5 -12 1000
20 -15 15 15 100 5.9 15 15 6 100
4.0 1§ -1§ 15 200 5.0 15 3 15 200
50 o -5 -15 200 4.0 12 15 3 1000
3.0 3 15 9 1000 40 -12 15 9 1000
20 15 18 1§ 100 5.0 0 15 15 100
3.0 4 -5 -15 100 5.0 16 -15 3 100
50 -1 18 0 200 20 ] 15 0 800
33
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5.0
4.0
20
3.0
20
5.0
290
3.0
5.0
3.0
4.0
5.0
20
4.0
5.0
5.0
3.0
3.0
50
4.0
20
40
5.0
20
2.0
5.0
4.0
50
3.0
50
3.0
3.0
5.0
4.0
20
20

15

15

-1§

-15
-15

15
15
-15

15
15
-15

15

-18
15

15

-15

-12
-18

1§

4.0
5.0
2.0
5.0
2.0
20
3.0
5.0
5.0
3.0
5.0
4.0
2.0
5.0
3.0
3.0
20
20
20
4.0
20
20
4.0
4.0
5.0
20
5.0
5.0
3.0
3.0
20
20
3.0
5.0
4.0
39

15
-12

-15
15
9
15
-12
-15
A5

-15
12
-15

-15
-15

-12
18
15

15
-18
6
3

-15
15
15
-15

-1§
15
4
]

1000

100
100
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30 -15
30 -5
3.0 3
4.0 6
4.0 9
5.0 -3
5.0 15
5.0 15
5.0 15
5.0 12
30 -15
20 -6
40 -15
50 -15
50 -15
4.0 -6
5.0 3
30 ]
20 -6
40 -15
5.0 -3
3.0 3
20 -6
4.0 -8
4.0 -9
4.0 -6
3.0 3
3.0 -9
4.0 3
4.0 -9
40 -15
4.0 9
30 -12
4.0 15
20 -9
20 3

3 500
15 1000
15 1000
-1§ 650
15 1000
9 100
15 100
-15 100
6 200
15 1000
9 500
6 1000
-15 1000
€ 200
-15 1000
-12 500
15 100
15§ 350
15 350
9 100
9 100
15 500
15 500
1§ 100
3 1000
9 500
% 500
-1 500
15 350
15 500
-15 350
15 100
15 100
-15 100
3 500
15 35

35

5.0
3.0
5.0
5.0
20
4.0
3.0
5.0
5.0
20
5.0
5.0
2.0
3.0
3.0
5.0
4.0
2.0
4.0
2.0
20
4.0
3.0
4.0
20
3.0
3.0
20
5.0
4.0
4.0
4.0
3.0
3.0
3.0
3.0

N W o o O

-15
-15
15
15
-12

-12

-15

15

15

15

-15

-18

-18

-15

15
15
15

15
15

-15
-15

-12

-12
-15

-1
12
18

350
100
100

g2gs

1000
350
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40 3 15 15 100 50 6 6 3 500
20 15 9 15 200 30 3 3 -12 100
30 12 -15 15 500 50 -3 15 -15 100
20 9 -15 15 500 30 -6 6 -15 200
40 15 12 -15 500 20 12 15 -15 850
50 <15 15 15 1000 40 6 15 -15 200
40 3 15 15 100 40 6 -15 15 500
40 3 -12 15 500 30 9 -5 15 350
30 15 15 15 100 50 6 3 9 350
40 15 3 15 1000 50 <12 3 -15 100
20 15 15 -15 100 50 0 9 -12 100
20 6 15 3 500 20 0 9 0 650
50 0 9 -15 350 40 3 15 15 800
50 9 15 -12 1000 30 6 6 -15 500
50 6 6 -12 1000 30 15 12 15 200
50 12 -12 6 1000 40 9 15 -15 500
40 -9 9 -15 800 20 15 -6 15 1000
50 9 -9 -15 1000 20 9 15 6 1000
20 0 -15 15 1000 30 15 0 -5 1000
40 15 0 15 100 20 3 -12 -6 1000
30 12 9 6 100 30 0 15 15 100
20 <15 -15 15 200 20 -12 15 -15 1000
20 6 15 -9 1000 20 3 15 15 100
30 12 15 15 800 40 9 15 12 200
30 9 3 0 es0 50 0 0 -15 1000
50 12 9 6 650 20 6 -5 0 800
30 15 15 -12 200 50 12 12 15 100
40 12 5 12 350 30 15 -6 12 1000
50 6 9 -6 800 50 15 3 15 350
20 9 -15 -9 1000 40 9 15 3 1000
40 6 0 -9 100 40 6 0 9 100
50 6 9 15 200 40 3 3 -5 350
30 -9 -5 12 800 40 12 15 <15 1000
40 6 3 -5 350 50 12 6 -15 100
20 0 -3 -5 500 20 3 -3 3 350
30 12 5 15 500 40 15 6 15 100

36




AW1/94-008
40 -2
3.0 15
20 -8
30 15
3.0 15
5.0 3
5.0 18
5.0 15
5.0 15
5.0 15

Job:SUB12

Net:SUB12FIN

5 15 100

0o -12 500
6 15 100
15 -9 1000
15 -15 200
0 3 30
15 -5 350
4 -15 1000

12 -15 1000

Speed Stern Rudder Fwd Holid-Time

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
20
5.0
8.0
2.0
20
8.0
5.0
§.0
5.0

8.0
20
20

-1§
15
-15
15
15
-15
15
-18
15
-15
15
1§

&

-18

18
-18
12

0 15 1000
o -15 1000
o -15 1000
0 15 1000
15 15 100
9 15 100
-15 15 100
15 -15 100
18 1§ 65
12 -12 800
3 -15 650
-18 15 1000
15 15 100
-18 15 650
15 -15 500
15 -15 500
15 -15 100
3 0o 1000
15 -5 65
3 -5 200

-15 15 200

37

20
20
20
3.0
20
3.0
5.0
5.0
4.0
4.0
20
5.0
2.0
5.0
8.0
3.0
3.0
4.0
20
3.0
5.0
3.0
20
4.9
5.0
20
20
3.0
3.0
20
5.0
5.0
5.0
3.0
8.0
3.0

-12

15
-12

-15

-15
12
15
-15
12
12
-15
18
-1§

-18
1§
15

-1§




AWI/94-008
20 -8
30 1S
40 3
50 15
50 12
20 12
30 -15
40 15
50 -9
20 15
20 15
30 15
0 9
50 6
50 18
20 6
20 12
o
50 -15
30 18
20 18
20 15
a0 3
20 6
40 3
20 -18
80 -8
30 15
20 o
40 3
20 3
30 o
30 4
20 18
30 18

20

-15

18
-18

18

-18

18
-18
18

-18
18
18

-15

15
18
-18
18
12
18
-18
-18
18

38gs:8g38g888¢8

100

3.0
3.0
5.0
5.0
2.0
3.0
2.0
5.0
20
3.0
5.0
5.0
5.0
4.0
4.0
3.0
2.0
5.0
2.0
2.0
4.0
5.0
5.0
3.0
3.0
5.0
4.0
20
5.0
4.0
5.0
8.0
8.0

888

-15

-12

-15

-12

-18

-18

12

15

1§
-12
-15
15
18
-1§
15
-15
-15
18
18

100

1000
650

350




AW1/94-008
40 -15
50 15
40 15
30 0
30 -15
20 -6
40 15
40 12
20 -15
30 -15
50 0
50 15
50 15
20 15
20 &6
20 9
40 0
50 <3
40 6
30 6
30 -15
50 -9
50 6
50 9
20 15
50 6
50 -15
50 -3
50 0
50 -15
50 6
50 9
30 -15
50 15
50 15
20 -15

-15

15 1000
-15 800
-15 350
15 380

1§ 100
-15 500

15 800
-15 1000

15§ 1000
-15 1000
-15 1000

-15
-15

1000
500
200
15 350
15 800
15 1000
-1§ 800
100
800
1000
000

15
15
15
o 1
-15 1000
3 800
-15 500
15 500
15 200
15 200
0 1000
1§ 800
-15 1000
15§ 1000
15 800
1§ 200
-15 350
1§ 800

39

2.0
3.0
5.0
2.0
20
5.0
5.0
5.0
5.0
5.0
5.0
5.0
4.0
5.0
20
2.0
5.0
4.0
20
5.0
2.0
5.0
3.0
4.0
5.0
5.0
4.0
4.0
5.0
5.0
4.0
5.0

-15
15

-15
~12

o o b o b o 0 &

-h b
N o

15
12

3 15
-15

0 15
-1§ 15
9 -15
0 15
15

9 -12
1§ -15
12 15
1§ 15
9 -15
-1§ 0
-12 15
9 15
3 -6
15 15
-8 15
-1§ 15
6 -15
15 15
o -15
-3 15
3 15
3 15
15 -9
15 15
3 -1
16

3 -15
0 15
-1§ 15

100
650

800
100

800

583%s

1000
100
1000

200
1000
100
1000

1000
1000
1000

1000
1000

1000



AWU/94-008

Job:SUB13
Net:SUB13FIN

Speed Stern Rudder Fwd Hold-Time
5.0 15 15 15 1000
5.0 15 -15 15 1000
20 -15 1§ -15 100
20 15 15 -15 100
5.0 15 9 15 1000
20 15 15 15 200
5.0 12 6 -15 1000
20 15 -15 15§ 100
5.0 -3 -6 15 1000
5.0 15 15 15 350
20 -15 12 1§ 650
20 15 -15 -15 200
5.0 15 6 -9 1000

50 6 3 -15 100
50 6 15 15 350
50 15 6 15 500
20 -15 -15 -15 1000
20 -15 9 -15 1000
20 15 -5 15 1000
20 -15 0 -15 100
50 15 3 15 500
50 15 6 15 1000
20 6 3 15 800
20 9 3 15 100
20 15 12 15 1000
50 6 6 15 1000
50 15 9 -15 100
20 15 9 -15 100

3.0 15 -6 15 100
20 -5 -15 15 100
4.0 3 -3 9 1000

3.0 15 -3 15 100

4G

3.0
5.0
5.0
3.0
3.0
5.0
3.0
20
2.0
5.0
20
3.0
5.0
5.0
3.0
20
5.0
5.0
3.0
5.0
20
20
4.0
20
20
4.0
4.0
5.0
20
20
3.0
20
4.0
20
5.0
5.0

o 100
-15 1000
6 100
15 200
12 350
15 100
15 500
15 100
-12 650
15 200
15 100
-15 800
-15 1000
15 100
-15 1000
15 100
-12 200
1§ 1000
15 1000
15 100
1§ 500
15 1000
15 500
15 1000
-15 200
-12 100
1§ 650
-15 100
15 500
15 1000
-15 100
15 350
15 100
-15 100
6 100
15 200




-

AW1/94-008
30 0
50 -15
5.0 12
5.0 -3
2.0 15
2.0 -15
5.0 -15
3.0 -15
5.0 -6
2.0 -15
4.0 -15
5.0 15
3.0 15
20 -15
2.0 15
2.0 15
50 15
2.0 15
5.0 -6
50 9
5.0 3

Job:SUB14

Net:SUB14FIN

Speed Stem Rudder

5.0
50
5.0
5.0
5.0
5.0
5.0
20
20
5.0

15
15
15

3

15
-15
12
15
9
-15
15
15
-15
9

-15
-15
-15

15
15
15
-15
-15

-15

Fwd
15
15

-15

-15

15
15
18

-15
-15

100
100
1000
650

1000
100
350
1000
650
100
100
1000
650
800
500
650

650
1000
1000

Hold-Time

1000
1000
100
1000
100
100
1000
100
1000

41

2.0
5.0
20
5.0
5.0
20
5.0
20
2.0
5.0
5.0
5.0
20
2.0
5.0
20
20
5.0
4.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
4.0
4.0
4.0
3.0
5.0
5.0
3.0
3.0
20
5.0

15

15

15
15

15
15

15
-15
-15

15
15
-15
-15
15
-15
15
15
15
15
-15
-15
-15
15
15
-18
15
-15

-18
-18

—

100
1000
1000

500
100
350
1000
1000
650
500
100
1000
100
350
1000
100
500

100
1000




AW1/94-008
40 15
20 9
30 15
40 -15
20 15
50 9
30 15
30 15
20 15
20 -15
20 15
20 15
40 -15
40 15
20 15
40 15
50 15
40 -15
20 -15
40 -3
50 3
50 9
50 15
30 15
20 15
30 -15
50 15
40 -15
20 15
20 15
50 -15
50 15
50 -5
50 -15
50 -15
30 15

<15

15

15

12

15

-15

15 1000
-1§ 100
15 1000
-i5 500
6 650
15 800
15§ 100
15 200
-15 500
12 200
-9 1000
1§ 500
15 100
15 200
3 350
-15 650
15 800
-15 100
1§ 100
15 100
15 1000
1§ 350
15 1000
12 1000
-15 500
-15 650
-12 350
-15 650
15 500
15 1000
-15 200
12 350
15 1000
-12 500
15 650
15 500

42

4.0
5.0
3.0
5.0
5.0
4.0
5.0
5.0
4.0
5.0
3.0
5.0
5.0
5.0
5.0
5.0
3.0
5.0
20
5.0
5.0
20
5.0
2
5.0
5.0
5.0
3.0
4.0
4.0
5.0
3.0
2.0
5.0
5.0
3.0

-12
-15
-15
-15

15

15
15

-15
15
-15
12
15
-15

15
15

15
-15
-15

15

15
-15

-15

15
15
15

15

12
15
15

-15
-15
-15

15
15
15
15

d o b

-15

-12

-15
15

-15

-15
-15
15
-15
15
15
15
-15
-12

15
-15
-15
15
-15
-12
-15
15
15
-15
15
12
-15
18
-15

15
-15
12
-15
15
-15
15

100

1000

1000

650

650

200
1000
350
650

650

350
1000
1000

1000
350
100

O-‘ d‘d
§gg38883888¢88




AWL/94-008
30 -15 3 15 100
20 15 12 -8 100
5.0 6 12 15 800
5.0 12 -15 15 650
3.0 6 -6 15 1000
5.0 15 3 -15 650
5.0 9 6 15 800
5.0 -6 3 -5 1000
50 -15 9 -15 1000
50 -15 0 15 1000
40 3 6 6 800
5.0 15 -3 -15 800

Job:SUB21

Net:SUB21FIN

Speed Stern Rudder Fwd Hoid-Time

10.0
100
10.0
10.0
5.0
8.0
5.0
10.0
5.0
5.0
5.0
5.0
10.0
5.0
8.0
9.0
5.0
10.0
8.0

15 0 -15 1000
-15 0 15 1000
15 0 15 1000
-1§ 0 -15 1000
15 <3 -15 100

-15 15 100

0 ¢ -15 650

43

10.0
8.0
9.0

10.0
9.0
6.0
7.0
5.0
9.0

10.0
8.0
5.0

100
8.0

10.0
7.0

10.0

10.0
5.0
7.0
8.0

100
8.0

10.0

100
6.0
10.0
9.0
10.0

8.0

5.0

9.0

9.0

10.0
10.0
8.0

15

-12

-12

-15

15
-15
-18




AWLI/94-008
100 -12
50 3
60 -3
100 15
9.0 12
100 3
9.0 -12
50 -9
100 -15
100 -15
50 12
70 15
10.0
100 o0
100 9
60 -15
100 0
100 6
70 15
50 -3
100 6
70 -3
70 6
90 12
100 6
50 15
100 -12
100 6
90 3
100 3
100 15
100 15
10.0

10.0

-3
9

5.0 6
3

15

-15

-15

15
15

-15
-15
-15

-15

(T Y YPS N

-15
15

15
15
15
-15

-15
15
15
15
-15

15

-15
-15
-15

-15
15
15

-15

15
-15
-15
18
15
-15
15
15
15
-15

-15

100

g 2 &

1000
650

1000

100
100

1000
1000
1000

100
1000
100
100

100
1000
1000
100
100

1000

1000

1000

100

1000
1000

7.0
7.0
10.0
9.0
10.0
9.0
10.0
70
9.0
10.0
6.0
10.0
10.0
10.0
10.0
5.0
5.0
7.0
10.0
10.0
10.0
10.0
7.0
6.0
5.0
100
10.0
70
8.0
10.0
6.0
5.0
10.0
5.0
9.0
5.0

-12

15

-15 200
-3 1000
6 500

-15 1000
15 100
15 100
3 200
15 200

15 350
15 1000

-15 350
15 200
6 650
15 500
15 200
15 1000
15 100
9 100
6 650
6 350

<15 1000
-3 35
15 650

-15 500

-15 1000
15 800
16 650
3 100

-15 650

-15 1000
15 1000

-15 100
-3 1000
15 1000

-15 1000
-15 500




AWV/94-008
50 3
50 -15
100 15
100 9
80 6
50 12
50 -15
50 6
90 -3
70 3
50 3
60 9
60 12
8o 6
100 0
100 -15
70 15
50 15
70 -5
90 0

100 -9
100 12
100 -15
100 -15
100 15
100 15
80 -15
70 15
100 3

80 9

100 -6
100 6

100 -3
90 6

50 15
100 15

o«

-15

-15

-12
-15

15
-12

15

15

15

-15
-1§

15
-15
15
-15
15
15
-15
-15
15
-15
15
-15
-15
15
15
-15
15
-1§

8.0 -9
100 -12
50 -12
7.0 0
10.0 12
8.0 18
7.0 12
80 -15
100 -15
80 -15
5.0 -9
5.0 -3
Job:SUB22
Net:SUB22

Speed Stern Rudder Fwd Hold-Time

10.0
10.0
10.0
10.0
10.0
10.0
5.0
70
5.0
5.0
5.0
10.0
5.0
10.0
10.0
10.0
8.0
10.0
6.0

-18
15
-15
15
15
-15
-15
15
15
15
-18
9
0
3
15

“ﬁ

0

W ® O o O©

15
-15
15
15
-15
-15
-15
-15
0
15

15
-15
-15

15
-15

15
-15

15

15

3

1000

1000
1000
1000
1000
100
100
100
100




AWI1/94-008
50 -15
90 15
50 15
50 -15
50 O
60 15
100 15
60 15
100 -15
100 15

100 6
100 -15
80 -9
50 3
90 -15
70 15
90 15
50 15
100 3
100 15
100 -15
50 15
100 -3
100 15
50 15
50 15
50 6
50 O
50 o0
60 15
80 3
50 O
100 15
100 15
70 15
100 15

15 1000
-15 350
-15 100
-15 200
1§ 500
-15 200

15 100
-15 1000
15 100

15 650
-15 200

15 500
-15 1000
-15 200
-1§ 200
1§ 100
-1§ 200
15 100
15 350
-15 800
1§ 800
-15 200
15 1000

15 800
-15 500
15 1000
15 1000

-15 650
3 100
-1§ 650
-15 1000
-15 1000
15 100

15 200
1§ 200
-1§ 800

8.0
5.0
10.0
10.0
7.0
$.0
10.0
10.0
7.0
10
6.0
8.0
5.0
7.0
10.0
6.0
9.0
5.0
10.0
5.0
9.0
6.0
8.0
10.0
10.0
5.0
5.0
5.0
7.0
8.0
5.0
5.0
5.0
7.0
§0
10.0

46

15
15

-12

-18

12

12
-15

-15

15
15
15

-12

15
-15

-15

15

15
15
-15
-15
-15

15

-15

-15

15

15

15
-15
-15

§88§

100
350
1000

1000

100
1000

EEREEEEERE

1000
1000
100
100




AW1/94-008
50 0
50 -3
100 9
80 3
100 9
70 15
100 -15
60 3
50 -15
100 3
g0 9
70 6
100 6
70 -9
60 -15
60 6
50 -3
50 12
60 -12
100 o0
50 9
100 o0
70 3
100 9
50 -12
100 15
50 9
50 6
80 15
100 6
100 -3
50 -15
50 -15
50 ¢
50 15
70 &

15

15
15
15
-15

15

15
15
1§

-15
18
-15

-18

15

185

100
100
100

100
100

1000
1000
1000

350
100
100

-h -t u
Bg2gyssls

1000

100
100

100
100
100

100
100

1000

10.0
10.0
7.0
10.0
10.0
10.0
8.0
10.0
10.0
5.0
5.0
8.0
70
6.0
5.0
5.0
8.0
9.0
9.0
5.0
5.0
8.0
5.0
70
8.0
10.0
10.0
10.0
5.0
6.0
6.0
8.0
8.0
10.0

-h
"

© by o0 b d g

15 650
-15 650
0 1000
6 200
0o 100
-15 200
-1§ 100
-15 1000
-15 200
15 100
15 800
<15 100
3 650
15 350
15 100
1§ 1000
0 1000
-15 350
15 800
15 500
6 35
15 200
-1§ 100
15 100
15 100
-15 1000
-15 800
15 500
15 650
9 100
<15 800
-15 1000
15 1000
1§ 800
15 800
15 800




AWLI/94-008

70 6
80 15
%90 3
100 -3
70 12
50 12
70 15
50 12
70 -15
100 12
100 9
70 15
90 9

100 9

100 15

100 15
60 3
70 3
60 -15

100 -3
80 -12
70 15

100 15
70 15

100 15
9.0 15

100 -15

100 -9
50 -15
50 o

50 -12

80 -12

%0 15

70 15

50 -15

50 0

-1§
15

-15
-12

-15
15

15
15
12
15
15

15

-15

-15

800
1000
1000

1000
350

650

100

1000
1000

800
100
100
100
100

100

EEEEEERERER

1

48

10.0 15 15

10.0 15 6

8.0 9 -15
9.0 4 -3
100 -15 6
5.0 ] 3
50 -5 -15
60 -15 9
50 -15 15
8.0 12 6
6.0 15 6
6.0 9 0
5.0 -3 3
8.0 9 -8
7.0 15 0
10.0 9
10.0 0 15
5.0 15 -3
10.0 -3 -9
50 -15 0
8.0 0 3
100 -15 -8
7.0 6 -3
5.0 12 -9
100 15
10.0 15 0
5.0 12 9
9.0 -9 -9
80 -5 -12
50 -15 0
5.0 3 -3
5.0 3 -1§

70 12 -12

10.0 12 6
70 -15 -15
5.0 1§ o

15

-15
15

15
15
15
15
-15
15
-15

100

1000

1000

100

350

100




AW1/94-008
50 3
60 12
5.0
60 9
100 0
100 15
60 3
50 15
60 3
50 15
60 12
50 15
100 -15
80 -6
so 3
90 0
50 3
50 15

100 -15
100 9
50 12
100 -12
100 15
100 -6
70 15
50 6
60 15
50 15
60 3
80 12
60 15
90 0
100 9
50 -9
60 15
100 3

-15

18
12
-15
-15
-1§
-15
15
15

15
-1§
-1§

15
15

15
15
-1§

15

-12
-15
-1§

15
-15
-15
15
15
15
15

100
100
1000
1000

100

100
1000
100
100

200

1000

100
1000
1000

1000
1000
1000

350

100
200
100
800

49

Job:sub23
Net:sub23

Speed
10.0

10.0
10.0
100
6.0
10.0
7.0
10.0
10.0
5.0
5.0
5.0
100
9.0
10.0
5.0
10.0
10.0
5.0
10.0
5.0
5.0
7.0
10.0
10.0
10.0
8.0
5.0
8.0
7.0
5.0

Stern Rudder Fwd
15 15 1§
15 -15 15
15 9 15
15 € -15

-15 1§ -1§
15 6 -5

15 15 -1§
-15 15 15
] 1§ -1§

1§ 15 15
-6 -3 15

-15 3 -1§
15 3 15

-15 15 15
-3 -3 18
15 6 15

-15 6 -15
15 -3 -15

-15 3 -15
15 -15 15

-15 6 -15

15 15 -1§
15 3 -1§
15 -3 1§
15 -1§
-3 3 1§

15 -3 15

-15 1§ -1§
3 6 15
0 -12 3

15 6 -1

Hold-Time
1000
1000

1000
1000
100
1000
100

100
100
100
1000
1000
1000
350
500
100
200
800
100
100
200
1000
350
650
1000

1000

1000
800

100

350

200




AWV/94-008
50 -15
100  -12
50 -15
50 12
50 15
70 9
60 15
50 -15
50 15
70 15
10.0 -12
9.0 -15
50 3
50 15
50 -6
100 -15
50 -15
50 3
50 15
90 3
100 -3
100 -1§
50 15
80 -15
50 15
50 1§
80 -12

100 15
80 -15
100 0
50 15
50 15
70 15
90 -15
50 -15
50 15

-12
-12

-12
-12
-15
-12
-12
-12
-12

-12

-12

-15

-12

-15
15
15

15

100
100

200
100
100
100
200
1000
100

800
500
100

S8gy8

350
100

100

100

1000

650
100

1000

10.0
5.0
5.0
5.0
5.0
8.0
5.0
6.0
5.0
7.0
6.0
7.0
10.0
5.0
10.0
7.0
10.0
5.0
7.0
8.0
7.0

50

15

-15
-15

-18
0
15
15

15
15
15

-1

15
15

185

15

15
12

15

-3

-15
-15

-15
-15

15

15

-15

-15

-16

-12

-15
-15
-15
15
16
-15
15
12
-15
-12
-15
15
15

16

15

18
15
1§

15

100
1000
800

350
200
100
650
800
200
1000

500
650

800

650
1000
800

1000

288

100

350
200

1000

g€88

100
100
1000

100
100




AWL/94-008
90 -15
100 15
80 0
50 -15
60 -15
60 -15
60 -15
50 -15
50 15
100 15
50 -15
50 -6
50 15
5.0
50 0
60 15
100 15
90 -15
50 -15

100 0
50 15
100 -15
80 15
80 3
50 15
50 15
50 15
100 -12
90 -6
100 -15
80 -15
50 -9
60 -6
50 15
50 15
70 15

15
12

-12
12

15

12

15
~12

-15 200
15 500
-15 200
-15 100
9 200
15 200
-15 100
15 800
0 200
-15 100
3 100
12 100
15 500
0 650
9 100
3 350
15 200
15 100
9 650
15 100
-15 350
15 200
3 500
-15 500
15 800
15§ 100
15§ 100
15§ 100
-15 100
-15 350
-15 350
1§ 100
15 650
15 100
15 800
6 1000

51

8.0
9.0
6.0
7.0
5.0
8.0
5.0
6.0
8.0
5.0
8.0
8.0
6.0
5.0
10.0
5.0
5.0
5.0
8.0
5.0
6.0
10.0
10.0
7.0
10.0
10.0
.0
6.0
5.0
5.0
6.0
10.0
5.0
7.0
5.0
5.0

-15

-15

12
15
-15

15
15
15
-15

15
-12

b W

-15
15

15

-15
-15

650
200
500

650
650

1000
100

100
100

100
100
1000

100
100

500
100




AWLU/94-008

100 -15
50 15
50 -15
80 -12
50 -15
90 15
100 6
50 -15
100 -9
60 -12
60 8

50 0

100 15
80 3

70 9

70 15
60 15
100 12
50 15
100 -3
60 9

60 -12
80 15
50 3

50 15
50 15

60 0

50 -15
50 -6

50 -15
70  -12
100 9
100 -6
100 15
50 9

50 15

15

15
15
12
15

12
12

b g 0o ®w, o©b

15

1§

-12
-12
15
15
12

-18
-15
12
15
9
12

15

15
-15
15

1§

-15
12

-15

15

15
18

1000
100
650
1000
350
350
100
1000
100
350
1000
100
1000
1000
100
100

100
1000

650
650
1000

100
100

100

100

1000

650
100

52

8.0
8.0
8.0
5.0
5.0
10.0
10.0
10.0
5.0
5.0
6.0
70
10.0
10.0
7.0
7.0
7.0
5.0
5.0
10.0
5.0
8.0
10.0
10.0
7.0
5.0
10.0
8.0
6.0
10.0
7.0
9.0
5.0
8.0
10.0
10.0

-12

-12
15

15

-15

15
15
-15
-15

-15

-15
-16
15

-15

15

-15

1000
1000
1000
200
800
100
1000
1000
100
500

800
650

100
350

200
100
100

100




AW1/94-008
860 12
70 15
80 O
7.0
60 6
5.0
100 -15
60 O
80 -3
60 3
100 -9
80 -15
70 -15
50 -15
100 -3
100 15
50 -15
50 15
90 15
50 3

100 -9
70 0

100 9
50 -15
60 O

100 15
50 -15
9.0 -15
50 -8

50 12
100 -3
70 15
100 3
80 15
50 15
50 15

15

12

12
15

15

12
12

15

15
15
-15
15
15
15
-12
-15
-15
-15

800
100
800
200
800
100
350
100
650
100
350
1000
200
1000
500
100
100
200
100
100
100
650
350
100
100
100

100
100
350

350

100
500

1000

53

10.0
10.0
5.0
6.0
8.0
6.0
7.0
7.0
6.0
6.0
5.0
5.0
7.0
9.0
5.0
9.0
5.0
10.0
9.0
10.0
10.0
5.0
5.0
100
5.0
6.0
5.0
5.0
7.0
5.0
6.0
9.0
5.0
10.0
6.0
10.0

18
15
15

15

15

-15
15
-15

-12
-12
18

-15
-15
12
15

12

15
15
-15

-15

350
350
1000
650
800
200
500
800
800
100
100
650
350
1000
100
100
350
1000
650
350
500
100
1000
100
200
200
800
800

2888

100

100
100



AWI1/94-008
50 0
70 9
70 15
50 -6
90 0
50 3
50 -15
60 -12
50 9
80 0
70 15
100 -6
90 -6
9.0 -15
50 0
100 -15
70 9
50 -3
60 15
80 -15
80 -12
80 -12
60 0
50 15
70 15
100 -12
80 -15
100 3
70 -3
70 15
90 15
70 -15
100 15
80 15
60 3
100 -3

15
15
15

15

-15

-15
15
-15
-15
-15
-15
12

15
-15
-15
15
-15
15
-15
12
15
15
15
15
-15
-15
-15
-15
18
15
15
15

650
100
100

650

350

1000
1000
350
100
1000
1000
350

100
1000
800

800

200

650
1000

100

1000
1000

53838283888

54

6.0
8.0
9.0
5.0
10.0
9.0
5.0
5.0
8.0
7.0
6.0
9.0
10.0
70
10.0
10.0
6.0
9.0
10.0
9.0
5.0
10.0
8.0
5.0
8.0
10.0
8.0
10.0
10.0
6.0
9.0
9.0
8.0
7.0
70
5.0

-15
15

-12
-15

-15

-15

-15

15
12
15

-12

u"“a°°oé‘“.},¢bé’é&,°&uo;;ua

15
15
15

-15

-15

15

15

-15

-15

100
100
100
650
650

1000
1000
100
350
1000
1000

g333g8gzifgegtgBiggigate




AW!/94-008
70 12
100 0
8.0 -6
10.0 15
80 -15
9.0 -6
8.0 -6
80 -12
5.0 12
5.0 15
80 -6
9.0 -6
80 -15
70 -15
5.0 -6
9.0 15
Jobh:sub24
Net:sub24

Speed Stern Rudder

10.0
10.0
10.0
100
10.0
100
5.0
10.0
5.0
10.0
10.0
5.0
5.0
5.0
10.0

15
15
15
15
15
15
-15
15
-1§
15
15
=15
-15
15
15

15
-12
-15

15
-15
15
-12
9
-9
15
3
-15
-6
6
-15
15
15
3

Fwd
-15
15
15
-15
15
-15
-15
15
15
15
-15
-15
15
15
15

100
100
200

100

800
800
1000
1000

800
1000

800
1000
1000

Hold-Time
1000
1000

350
350
500
500
100
800
100
1000
1000
100
100
100
1000

55

10.0
10.0
5.0
10.0
10.0
10.0
10.0
10.0
5.0
5.0
5.0
5.0
10.0
7.0
10.0
10.0
5.0
9.0
9.0
10.0
70
6.0
8.0
10.0
6.0
8.0
10.0
70
5.0
100
7.0
5.0
5.0
9.0
7.0
10.0

15
-15
-15
15
15

-15
-12
15
15
-15
15
15
15
15
-15
15
15
15
15

-15
15

15
-15
-12

15
15
-15
-15
-15
15
18

(7]

15
15
-12

-15
15
15
-15
15
15
-15
-15

-15
-15

-15
-15

1000
1000
1000

100

350
100
1000

1000
100

1000
650
1000

1000
100
500
1000

350
1000
1000
650

100

1000
100
100
1000
100

100



AW!/94-008
50 -3
100 15
50 15
80 15
80 -15
100 -15
80 15
80 -15
50 -15
80 3
100 15
80 -15
100 -15
70 15
100 -15
100 -15
50 -15
50 15
70 15
160 -15
100 15
80 -15
80 3
70 1§
9.0 -15
100 -15
100 -15
100 3

90 15
50 15
90 -15
70 3

50 15
50 15
100 -15
100 15

-15
12
-15

-12
12

-15

-15
-15

18
15
15
15
15

-15
15
15
-15
-12
-18

350
350
350

500
100

200
500

100
1000
100
800
100
1000
100
100
800
1000
1000
100

100

350

200
100

100

1000
1000

56

60 -15
100 -15
100 -1§
10.0 15
7.0 -9
10.0 3
9.0 -12
160 -15
10.0 15
100 -15
50 -15
6.0 15
8.0 15
8.0 15
10.0 15
10.0 15
9.0 15
5.0 15
9.0 0
10.0 15
100 15
80 -15
10.0 3
70 -15
5.0 3
10.0 -8
100 -15
5.0 15
9.0 15
8.0 9
50 -15
5.0 15
7.0 15
9.0 6
9.0 -15
100 -15

15
-12

-15

-15

-15

100

100
200
100
200
800
650
650

1000
1000
100
100
350
100
100
350
800

100
1000
1000
100

100
100
1000

650

g8 8



AWI1/94-008
50 -5
50 -9
70 15
50 -6
60 15
100 15
70 0
50 -15
60 -6
60 -15
100 -9
80 15
90 -15
60 -15

100 -9
50 -15
50 0
50 15
50 -15
100 12
70 15
50 -15
100 15
60 6
60 15
100 15
100 -15
50 -15
50 15
100 15
100 -15
100 -3
50 3
100 -1§
70 3

15

15
-4

-15
15

12

3

SRR EEREEE

350

800
500
200
100
1000
650
1000
650

1000
350

100
350

1000

100
100

5.0
5.0
10.0
5.0
10.0
10.0
10.0
5.0
10.0
10.0
10.0
6.0
5.0
5.0
9.0
5.0
10.0
10.0
5.0
9.0
9.0
10.0
5.0
7.0
5.0
10.0
10.0
9.0
7.0
5.0
10.0
10.0
5.0
10.0
10.0
8.0

15

12

-15
-15

-15
-12

-1§

-15
-15

$ 1000
-15 1000
15 1000
15 100
15 350
-15 650
-15 350
15 1000
-15 500
15 500
-15 800
0 1000
15 800
9 200
1§ 100
6 800
15 200
15 650
6 100
15 200
3 200
-12 100
9 350
-15 800
-1 1000
6 350
15 800
-15 1000
0 100
15 800
6 35
-15 650
15 200
12 200
12 1000
-1§ 1000




AWI1/94-008
10.0 15
70 -15
100 -15
6.0 15
100 -15
100 -15
80 -15
100 -15
10.0 15
10.0 -3
90 -15
5.0 -9
9.0 15
10.0 -6
10.0 0
10.0 15
100 -15
10.9 -6
100 -12
60 -15
10.0 15
10.0 6
10.0 15
100 -15
100 15
10.0 15
10.0 15
10.0 15
10.0 15
100 -1
70 3
10.0 -3
100 -12
8.0 15
10.0 15
100 -1§

12
-15

-15
-12
15

b & ®abL®yaow

15 650
-15 1000
15 800
15 200
15 100
15 1000
15 100
3 800
15 500
15 500
15 100
15 650
15 350
-15 650
15 500
3 1000
15 1000
15 800
-15 1000
3 500
-15 1000
15 200
-15 200
15 350
-15 800
15 100
-15 800
15 800
-15 1000
0 1000
15 1000
15 800
15 800
15 650
12 800
3 1000

10.0 -6
10.0 12
8.0 -3
10.0 15
10.0 3
10.0

10.0 -9
10.0 6
8.0 15
10.0 -3
10.0 15
100 -15
100 -15
100 -15
10.0 4
10.0 3
10.0 -8
10.0 18
100 -9
9.0 15
10.0 12
10.0 -3
10.0 9

Job:SUB31
Net:SUB31

Speed Sten
15.0 15
150 -15
15.0 15
150 -15
10.0 15
100 -15
100 -15

RTIR T
42 15
4 15
6 -15
a5 12
6 15
12 15
g 15
3 15
0o -15
3 9
4 -15
15 15
15 15
42 15
15 15
15 15
42 15
42 3
3 15
0o 15
15 15
4 15
Rudder Fwd
0 -5
0o 15
o 15
0 -5
0o -5
15 15
5 15

100
1000

Hold-Time
1000.0
1000.0
1000.0
1000.0
100.0
100.0
100.0



AW1/94-008
130 15
100 15
150 15
10.0
150 3
15.0
150 15
110 o0
150 -15
100 3
10 15
150 15
100 -15
150 -3
130 15
150 12
150 12
150 15
150 15
150 3
"0 -9
110 15
150 3
150 15
10 15
130 6
150 8
150 15
120 15
130 12
120 9
100 15
150 3
150 3
150 6
110 6

15

15
15

-15
-15
-15

1§ 100.0
15 1000.0
15 100.0
15 100.0
-15  200.0
15 2000
-15 350.0
-5 1000.0
15 100.0
15 100.0
-15 1000.0
15 100.0
-15  1000.0
-15  500.0
-15  1000.0
-15 650.0
1§ 1000.0
0 650.0
15 1000.0
5 1000.0
15 500.0
15 350.0
15 800.0
15 650.0
-15 1000.0
-15 1000.0
1§ 1000.0
-15 800.0
1§ 1000.0
-5 1000.0
10 1000.0
-15 350.0
15 1000.0
15 1000.0
15 1000.0
10 1000.0

59

15

-1§
15

15

o

-15

15 1000.0
-15  1000.0
-15 650.0
15 800.0
5 8000
10 200.0
-15 1000.0
15 800.0
0 10000
-15 6500
1§ 100.0
1§ 200.0
-1§ 1000
-15§ 100.0
-15 100.0
-15  500.0
-15 200.0
15 100.0
15 200.0
-15 100.0
-15 1000.0
15 1000.0
-15 1000
-15 1000.0
-15 1000.0
15§ 500.0
-15  100.0
0 1000.0
-15 1000.0
15 500.0
-15 200.0
10 350.0
-15 800.0
15 500.0
-15 350.0
$ 1000



AWI/94-008

15.0

120 6
100 12
120 .15
150 15
130 9
120 15
110 9
12.0

150 15
100 3
100 15
120 15
100 -9
150 15
110 6
100 6
150 15
150 6
120 0
150 15
150 9
130 15
100 12
130 12
100 3
120 6
150 0
150 15
150 12
00 0
130 15
110 15
10 15
100 3
150 <3

15
9
3

-18
-12
-15

o b b ® w o @

-10  350.0
0 3500
-5 3500
15§ 100.0
-15  200.0
-15 1000.0
10 6500
15 200.0
15 200.0
15§ 1000.0
5 1000
15 100.0
-15 100.0
15 200.0
-15  1000.0
-15  500.0
0 100.0
15 650.0
10 100.0
15 1000.0
1§ 350.0
-15  100.0
0 350.0
1§ 1000.0
-15  100.0
-10 3500
15 100.0
0 1000
15§ 2000
15 1000.0
15 1000
15 350.0

" 5 m-o

60

15.0
15.0
1.0
10.0
13.0
120
10.0
13.0
13.0
150
12.0
110
10.0
10.0
10.0
10.0
10.0
10.0
15.0
10.0
120
10.0
15.0
15.0
12.0
15.0
15.0
15.0
15.0
15.0
110
10.0
10.0
10.0
12.0
13.0

-15
12

15
12
-12
-15

15
12
12

® 0 W ¥ e o b

-12

15

-15 1000
-15  350.0
5 100.0
-15  100.0
-10 1000.0
-15  100.0
-15 800.0
5 1000
15 1000.0
15 100.0
-15 1000.0
5 800.0
15 800.0
10 1000.0
-15 650.0
15 1000.0
15 200.0
-15 650.0
15 1000.0
-15 800.0
15 350.0
15 1000.0
10 1000.0
-15 1000.0
-15 1000.0
-15 800.0
-15 1000.0
-10 1000.0
15 1000.0
-15§  200.0
15 100.0
15 100.0
15 350.0
15 1000.0
15 1000.0
-15 650.0




AW1/94-008
15.0 3
10.0 3
15.0 9
10.0 -12
100 -15
100 -12
110 6
13.0 -12
15.0 12
10.0 -3
12.0 -3
120 -8
120 9
15.0 9
15.0 15
15.0 ]
15.0 -3
10.0 ]
110 12
10.0 15
150 -6
15.0 -3
100 -15
150 -9
15.0 6
120 15
10.0 -6
13.0 12
100 -1§
10.0 -6
15.0 9
13.0 3
13.0 15
100 9
15.0 0
15.0 9

-12
-12

15
-15
-15
15
-15

-15
-15
-15

15

-10

15

650.0
1000.0
1000.0
650.0
1000.0
350.0
1 300.0
350.0
650.0
100.0
200.0
100.0
100.0
100.0
650.0
100.0
200.0
350.0
200.0
100.0
100.0
100.0
1000.0
200.0
1000.0
$00.0
1000.0
800.0
200.0
350.0
650.0
1000.0
100.0
100.0
350.0
800.0

13.0
10.0
11.0
15.0
11.0
15.0
110
13.0
15.0
10.0
11.0
13.0
15.0
10.0
10.0
120
12.0
10.0
15.0
15.0
10.0
15.0
10.0
15.0
11.0
10.0
150
10.0
100
110
15.0
10.0
12.0
10.0
13.0
13.0

61

-15

15

15

15
-12

15 500.0
15 5000
10 1000.0
1§ 350.0
15 800.0
-15 500.0
15 500.0
1§ 350.0
0 100.0
10 1000.0
-15  800.0
1§ 350.0
1§ 100.0
-15 500.0
15 350.0
10 800.0
0 1000.0
-15 100.0
10 1000.0
-15 1000.0
15 1000.0
15 100.0
-15 100.0
15 200.0
$ 1000.0
15 100.0
15 200.0
15 650.0

15 500.0
15 100.0
15 500.0
0 1000.0
-15 650.0

10 1000

-15 650.0




AW1/94-008

15.0
10.0
120
15.0
13.0

100 -1§
110 -1§

110

100 -1§

13.0
15.0
15.0
15.0
15.0
10.0
10.0
15.0
15.0
15.0
13.0
15.0
15.0
10.0
13.0
10.0

12.0
13.0
110
100
1.0

150 -12

110
10.0
120
15.0

9
-3
12
-6

5

0

10.0 -3
¢

o
18
15
3

15
3
15

-1§

-15
0

0 100.0
15 800.0
15 2000
-10 100.0
5 1000.0
-15 100.0
-15  200.0
15 1000
15 100.0
0 1000.0
15 1000.0
15§ 650.0
5 10000
15 200.0

15 800.0
-15  200.0
-5 100.0
15 100.0
10 100.0
15 100.0
15 350.0
15 350.0
15 200.0
0 800.0
-15 200.0
-10 100.0
15 1000.0
15 3500
5 5000
15 1000
-15 500.0
0 350
<15  200.0
-15 800.0
-15 800.0

62

100
10.0
10.0
10.0
15.0
15.0
10.0
15.0
110
13.0
120
15.0
10.0
15.0
10.0
13.0
13.0
120
15.0
10.0
15.0
1.0
10.0
15.0
13.0
10.0
10.0
10.0
13.0
15.0
15.0
13.0
15.0
15.0
15.0
15.0

15
15
15
15

-12
3

15
-15

15
-9
-15
15

6,‘,.‘9:»5"-'50‘"3

15

-12

18
-12
-12
15
-15
-1§
-15
-15

-15

W a @ o

-15  100.0
10 100.0
15 100.0
15§ 3500
-15 1000.0
15 100.0
15 1000.0
0 1000.0
-10  350.0
15  200.0
-15 100.0
15 800.0
5 100.0
-1 100.0
-15 1000.0
15 650.0
15 100.0
15 500.0
-15§  100.0
5 800.0
-10  500.0
0 2000
0 1000.0
15 100.0
10 2000
-15 1000
-15 1000.0
0 800.0
1§ 100.0
15 350.0
-5 1000.0
10 1000.0
-15 500.0
§ 1000.0
1§ 5000
1§ 6500




AW1/94-008
150 6
150 -6
150 -12
150 15
150 15
150 -15
150 15
150 -15
150 3
150 -9
120 -15
150 12
150 12
150 -9
150 -15
150 -15
120 -9
150 -6
150 -9
150 -15
150 15
150 -15
150 -15
130 -15
100 -15
150 -15
150 -9
130 -15
150 -15
150 9
150 -15
150 -15
150 -12
150 15
150 -3
150 -15

© o bWwwoboa

bbb wdbodbowoggacew

§ 8000
15 1000.0
15 1000.0
-15 1000.0
15 1000.0
-15 1000.0
5 1000.0
-10 1000.0
-15  1000.0
15 1000.0
-15 1000.0
15 1000.0
10 800.0
-1§ 1000.0
-15_  200.0
15 100.0
15 1000.0
15 1000.0
15 1000.0
15 800.0
15 1000
-15 1000.0
15 100.0
-5 1000.0
-15 1000.0
15 8000
-15 350.0
0 800.0
-15 1000.0
15 1000.0

63

Speed Stern Rudder Fwd

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
10.0
10.0
15.0
10.0
10.0
15.0
15.0
10.0
10.0
10.0
10.0
15.0
15.0
10.0
15.0
11.0
10.0
120
10.0
15.0
11.0

15
-15
15
15
-15
-15
15

18

15
-15

15
-15
15

15
-15
-15

15

15

10
15
-15
-15
15
15
-15
-15
15
15
15
10
-15
15
15

Hold-Time
1000.0
1000.0
1000.0
1000.0
100.0
100.0
100.0
100.0
100.0
1000.0
500.0
100.0
100.0
500.0
500.0
100.0
100.0
650.0
1000.0
500.0
200.0
100.0
100.0
800.0
650.0
500.0
350.0
100.0

5 500.0




AWI/94-008
110 15
150 15
100 -15
130 15
100 9
120 -15
150 12
120 15
150 1§
150 -6
100 -15
150 15
130 15
150 12
150 15
150 6
150 -12
150 9
100 -15
130 -3
150 9
100 6
150 -15
130 -15
100 15
150 -15
150 -3
150 -12
150 -15
130 15
100 -15
100 9
100 -15
130 0
100 15
150 6

0o -15
15 15
15 15
15 -15
6 -15
3 15
-15 15
1§ -15
12 15
15 -15
-15 15
15§ -15
0 15
1§ -15
0 15
1§ -15
<15 15
-6 15
3 15
15§ 15
6 -15
15 0
12 -15
15 15
12 15
12 15
15 15
-8 15
15 -15
-9 15
1§ -15
-1 10
12  -15
3 -5
4 -15
-1§ 15

500.0
500.0
1000.0
350.0
350.0
200.0
100.0
100.0
800.0
1000.0
100.0
500.0
800.0
1000.0
200.0
100.0
800.0
100.0
800.0
350.0
800.0
1000.0
200.0
100.0
350.0
500.0
100.0
200.0
100.0
1000.0
§00.0
1000.0
200.0
1000.0
100.0
1000.0

64

15.0
15.0
11.0
10.0
15.0
10.0
10.0
15.0
110
15.0
10.0
11.0
10.0
15.0
10.0
120
15.0
15.0
120
120
10.0
12.0
10.0
15.0
15.0
10.0
10.0
10.0
1.0
100
15.0
15.0
10.0
15.0
10.0
10.0

15

-15

d 0

15
12

3
15
-15

0

-15

ﬂo&uu

18
15

-15

-10

-15
5
-15
15
15
15
15
15
15
-15
15

200.0
1000.0
1000.0
500.0
650.0
100.0
500.0
500.0
800.0
100.0
650.0
500.0
1000.0
100.0
500.0
650.0
200.0
800.0
350.0
100.0
500.0
500.0
200.0
650.0
350.0
650.0
1000.0
100.0
1000.0
650.0
1000.0
800.0
800.0
500.0
200.0
200.0




AWI1/94-008
130 15
100 6
150 -15
150 -15
100 -12
120 3
110 o
100 15
150 -3
130 -15
150 -15
120 -9
120 15
150 12
110 -6
150 -12
1o -9
100 -15
100 15
100 12
150 -3
150 15
100 -15
1.0 -9
100 15
150 3
100 15
130 15
100 15
150 0
130 12
150 -6
110 -15
100 -15
100 3
150 -15

-9
0
-15
3
9
9
-6
-9
-15

-6
6
3
6
-3
6
9
12

12
-15
~12

15

15 350.0
10 1000.0
-15  1000.0
-15 500.0
15 650.0
15 3500
-15  100.0
15 1000.0
5 100.0
15 500.0
15 800.0
-10 1000.0
-10 800.0
0 800.0
15 1000.0
15 800.0
-10 1000.0
-1§ 1000.0
-5 3500
-15§  100.0
-5 100.0
15 100.0
15 100.0
-10  200.0
5 800.0
15 100.0
15 100.0
-15 1000.0
-15  800.0
-15  800.0
-15 350.0
-10 1000.0
-5 800.0
10 200.0
-5 500.0
-15 100.0

65

10.0
10.0
15.0
15.0
12.0
10.0
10.0
15.0
15.0
15.0
10.0
120
12,0
15.0
15.0
120
15.0
10.0
15.0
11.0
120
10.0
15.0
10.0
10.0
120
10.0
110
100
13.0
10.0
13.0
15.0
15.0
15.0
13.0

12
15

W &

0 800.0
800.0

100.0

15 350.0
-5 1000.0
-15 100.0
10 200.0
15 200.0
5§ 1000.0
-15  800.0
0 350.0

5 800.0
15 100.0
-15  350.0
-15 650.0
-15 1000.0
15 650.0
-15  650.0
5 200.0
5 100.0
-10 1000.0

-15 1000.0
-15 8000

15 100.0
-15 100.0
5 500.0
5 650.0
10 1000.0
§ 1000.0
5 1000
-15 1000.0
15 1000.0
-5 1000.0
15 1000.0
15 1000.0
-15 8000




AWI/91-008
120 -15
100 15
100 9
100 15
100 6
150 3
110 15
150 -12
130 6
120 15
130 15
130 12
130 3
15.0
120 15
130 15
100 12
130 -9
150 -15
150 6
100 0
130 0
150 15
150 6
100 3
110 -9
100 -15
150 -15
120 -15
130 9
120 15
120 15
150 -15
130 6
110 0
150 -18

-15
-8
-3

15 100.0
10 650.0
-15 100.0
15 1000.0
-15 800.0
-5 1000.0
15 800.0
-5 1000.0
-i5 1000.0
10 3500
5 100.0
-15 100.0
15 1000.0
§ 1000.0
5 1000
-15 350.0
-15 670.0
15 1000.0
0 8000
-15 1000
-15 350.0
15 8000
-10 3500
-15§ 350.0
15 800.0
5 3500
15 1000.0
15 800.0
10 1000.0
-15 650.0
15 650.0
10 100.0
-15 800.0
-15 850.0
-15 1000.0
15 1000.0

66

15.0
16.0
15.0
10.0
10.0
13.0
15.0
110
13.0
13.0
15.0
15.0
15.0
10.0
15.0
15.0
120
12.0
120
10.0
1.0
15.0
10.0
10.0
120
15.0
13.0
15.0
10.0
10.0
15.0
10.0
10.0
15.0
15.0
10.0

-15

-12

15 650.0
-15 350.0
-15  200.0
15 650.0
15 1000.0
-15 1000.0
-5 350.0
15 500.0
-15 1000.0
15 1000.0
-15 500.0
-15  100.0
15 350.0
-15  100.0
15 1000.0
5 800.0
15 500.0
15 800.0
-15 500.0
-15  200.0
15 1000
-15  350.0
15 350.0
-15  200.0
-15 1000.0
-10 1000.0
-5 350.0
-15 1000.0
15 200.0
-15  100.0
-15  200.0
-15 650.0
-15 1000.0
-15  1000.0
-15  350.0
-10  650.0




AWI/94-008

15.0
15.0
15.0

Job:sub33
Net:sub33

0
15
-12

15
-15
15

-5 1000.0

-5
-5

Speed Stern Rudder Fwd

15.0
15.0
15.0
15.0
10.0
10.0
15.0
15.0
10.0
10.0
10.0
10.0
15.0
15.0
13.0
13.0
15.0
15.0
13.0
10.0
10.0
15.0
10.0
15.0
15.0
15.0
10.0
10.0

-15
-15
15
15
-15
-15
-15
15
15
-15
15
-15

-15

15
-15
-15
-12

15

15

© b o b 0w o o o

15

-15
-15

1000.0
100.0

Hold-Time
1000.0
1000.0
1000.0
1000.0
100.0
100.0
100.0
100.0
100.0
100.0
650.0
350.0
100.0
100.0
100.0
200.0
100.0
350.0
100.0
100.0
800.0
100.0
100.0
1000.0
1000.0
650.0
650.0
100.0

10.0
15.0
10.0
15.0
11.0
15.0
15.0
10.0
15.0
10.0
10.0
15.0
15.0
10.0
15.0
15.0
10.0
10.0
15.0
13.0
15.0
12.0
13.0
15.0
15.0
10.0
10.0
15.0
15.0
12.0
10.0
12.0
15.0
15.0
10.0
15.0

67

12
12

aa;ubéé’&n'a.;&

-15

&

-15
15

15
-15

-15
-15
-15

15

15

-15

-15

15

-16

-5

200.0
100.0
1000.0
350.0
100.0
100.0
350.0
1000.0
100.C
650.0
100.0
100.0
350.0
350.0
100.0
350.0
1000.0
100.0
800.0
500.0
100.0
100.0
500.0
1000.0
350.0
350.0
500.0
100.0
100.0
100.0
650.0
800.0
500.0
1000.0
200.0
100.0




AWI/94-008

100 -15 15 15 100.0
150 -12 3 15 500.0
10.0 0 12 1§ 200.0
10.0 12 9 0 650.0
150 -15 -3 0 200.0
150 -12 0 -15 800.0
100 -15 0o -15 1000
130 -5 15 -15 100.0
15.0 15 -6 0 350.0
100 -15 -15 5 650.0
100 -15 9 -15 1000.0
13.0 -3 9 -15 100.0
120 -15 15 -15 100.0
100 -15 3 -15 1000.0
13.0 3 -12 <15 200.0
15.0 15 -15 0 500.0
120 -12 6 10 650.0
150 -15 3 <5 100.0
15.0 15 -3 -5 650.0
100 -15 6 15 1000.0
1.0 15 3 -10 350.0
15.0 15 100.0
15.0 15 -3 1§ 1000.0
100 -15 -9 0 100.0
10.0 12 -12 15 200.0
100 12 3 -15 6500
120 -5 -12 15 1000
15.0 -9 -3 -10 650.0
13.0 -9 3 <5 1000.0
150 -15 3 -15 2000
13.0 0 -3 5 350.0
15.0 6 12 15 2000
15.0 0 -12 -5 350.0
1.0 15 -12 0 8000
110 -3 3 15 500.0
120 -15 -3 15 1000.0

(]
-t
U]

68

15.0
15.0
15.0
15.0
13.0
10.0
13.0
15.0
13.0
15.0
15.0
10.0
15.0
13.0
13.0
10.0
15.0
1.0
10.0
15.0
15.0
15.0
13.0
10.0
15.0
13.0
15.0
15.0
13.0
10.0
15.0
15.0
15.0
10.0
11.0
15.0

-15

-8

-15 1000.0
10 500.0
<15 650.0
0 1000.0
10 1000.0
15 800.0
15 1000.0
-15 800.0
-15 100.0
-15  100.0
15 650.0
15 100.0
-15 350.0
15 200.0
-15 100.0
15 100.0
-10 1000.0
10 350.0
-15 100.0
-5 1000.0
-15 1000.0
0 200.0
-15 100.0
15 100.0
5 5000
-15  100.0
15 100.0
15 1000.0
-15 500.0
0 5000
-15  800.0
15 100.0
-5 350.0
-15  100.0
-15 1000.0
15 100.0



AWI/94-008
150 15
110 9
130 -9
100 -15
150 -15
150  -15
150 -12
100 -6
120 -9
120 -9
150 -15
130 -3
150 15
120 15
100 6
150 -15
130 15
110 -15
100 3
150 -15
100 15
150 -15
120 -15
150 15
120 3
110 12
100 -12
110 -6
150 3
110 15
120 12
150 -15
150 -15
150 15
150 15
100 -15

o

-12

-10 350.0
-15 800.0
5 ¢t
-15 500.0
-10 1000.0
10 1000.0
-15 350.0
0 100.0
10 100.0
-10 100.0
-15 500.0
-10 1000.0
-15 1000.0
15 200.0
-10 650.0
0 1000.0
15 350.0
-15 650.0
-15 350.0
-5 500.0
15 100.0
-15 350.0
10 650.0
-15 1000.0
5 200.0
-15 500.0
-15 1000.0
-15 200.0
0 500.0
15 100.0
15 100.0
15 1000.0
15 1000.0
15 100.0
-1§ 100.0
15 100.0

69

100
10.0
13.0
13.0
10.0
15.0
12.0
120
11.0
15.0
13.0
15.0
10.0
10.0
11.0
15.0
10.0
13.0
15.0
10.0
10.0
120
13.0
1v.0
10.0
13.0
15.0
10.0
15.0
13.0
11.0
15.0
12.0
15.0
10.0
15.0

15

15

<15

-k ] [ ]
6n°o°&a‘§e°“éooob“n;“;°@

15

800.0
1000.0
200.0

650.0

650.0

100.0
500.0

100.0

100.0

100.0

100.0

350.0

650.0

100.0
200.0

100.0
100.0
100.0
100.0
1000.0
100.0
§00.0
350.0

200.0

800.0
100.0
100.0

1000.0

100.0
1000.0

100.0
200.0

500.0
100.0
100.0

500.0



AWI/94-008
100 -15
10.0 6
110 -15
10.0 12
110 -15
110 12
10.0 0
120 -9
100 9
10.0 12
13.0 -3
10.0 0
150 -15
150 -15
15.0 -‘;5
15.0 -9
150 -15
13.0 3
15.0 3
15.0 -9
130 -9
150 -3
100 -9
150 15
120 6
100 12
120 -15
15.0 12
10.0 15
11.0 15
12.0 12
100 -12
15.0 15
150 -15
100 -15
120 -9

6

-15

15

-1§

-12

-12

15 350.0
10 100.0
15 100.0
15 1000.0
-15 800.0
-15 800.0
-15 100.0
-15 1000.0
-15 650.0
-15 1000
10 100.0
0 500.0
-15 1000.0
5 100.0
15 1000.0
-15 10000
-10 1000.0
-5 100.0
-10 1000.0
-5 100.0
-10 200.0
15 350.0
-15 1000.0
5 3500
5 1000
15 1000.0
-15 1000.0
-5 100.0
-5 1000.0
-10 100.0
-15 1000.0
-15 500.0
15 1000.0
-10 1000.0
10 1000
15 1000.0

70

15.0
12.0
15.0
10.0
10.0
10.0
15.0
10.0
10.0
10.0
11.0
15.0
15.0
13.0
15.0
10.0
15.0
10.0
13.0
150
150
110
10.0
15.0
15.0
13.0
15.0
120
10.0
10.0
13.0
13.0
15.0
15.0
15.0
15.0

-15
12

-15
-15

-15

-15
15

15

‘

15

-12

1§ 500.0
-15  100.0
10 500.0
15 1000.0
5 1000.0
15 800.0
0 100.0
10 650.0
5 1000.0
-5 500.0
1§ 1000
10 100.0
-15 650.0
-5 1000.0
§ 500.0
0 2000
10 100.0
15 650.0
-15 1000.0
15 650.0
-10 100.0
-15 100.0
0 1000.0
15§ 100.0
5 200.0
5 100.0
-15§ 800.0
-10 1000.0
-15 1000.0
0 6500
-15 100.0
-15  100.0
-10 1000.0
-10 1000.0
-15  100.0
-15  350.0



. AWL1/94-008
150 -15
100 12
100 6
120 3
100 12
100 15
1.0 -12
130 -15
10 3
110 12
110 3
150 -9
130 3
150 -15
100 3
150 -3
100 15
120 15
1220 3
150 6
100 6
150 -15
150 -9
100 -6
150 15
150 15
120 3
130 9
150 9
130 6
100 12
120 15
180 15
100 -12
150 -15
150 9

9 -15 1000 11.0 15 -12 10 100.0
3 -15 1000 15.0 15 6 15 §500.0
6 -15 1000 100 0 9 -10 6500
6 15 2000 15.0 3 -9 0 6500
9 0 1000 10.0 15 9 15 100.0
3 0 2000 15.0 9 0 -15 10000
15 15 2000 15.0 15 12 10 200.0
0 15 1000 110 15 -9 15 350.0
9 5§ 200.0 150 -15 9 <5 1000.0
0 15 100.0 150 -15 12 15 1000.0
15 15 100.0 100 -15 -15 -15 6500
3 -5 1000.0 150 -1§ 1§ -15 500.0
6 -15 1000.0 10.0 15 12 -15 200.0
15 1000 120 9 15 10 100.0
-9 1§ 800.0 10.0 6 -15 -15 100.0
9 1§ 100.0 12.0 15 -12 0 100.0
15 10 350.0 150 -15 6 15 100.0
9 1€ 5000 130 -15 12 5 1000.0
-15 § 200.0 10.0 6 9 -15 8000
-12 0 3500 15.0 -3 12 -15 8000
12 10 100.0 11.0 12 12 -10 200.0
0 -10 8000 10.0 9 -15 5 100.0
-3 -15 1000.0 100 -15 € -10 1000
12 -10 200.0 100 -5 -15 -10 1000.0
-9 -15 200.0 1.0 -15 0o 15 1000.0
-9 1§ 350.0 13.0 6 -3 15 350.0
12 10 1000 15.0 15 6 0 6500
0 -15 1000.0 10.0 12 -6 15 1000.0
3 10 500.0 15.0 15 9 -15 1000.0
3 -15 1000.0 15.0 3 -3 15 200.0
-12 10 100.0 13.0 -3 -9 -5 1000.0
8 15 100.0 120 -15 0 15 1000.0
0 -5 1000.0 15.0 12 3 10 800.0
-1§5 5 350.0 15.0 5 -15 -15 8000
3 15 100.0 15.0 12 -3 10 200.0
3 -10 1000.0 13.0 -9 3 -15 1000.C
71




AWI1/94-008
150 15
130 6
100 15
150 15
150 15
15.0
120 6
100 15
120 15
150 9
150 15
100 9
100 15
100 6
120 9
120 15
150 6
150 12
155  -15
110 3
130 15
150 -15
150  -15
100 -15
130 -15
130 -15
130 6
120 -15
150 15
150 -15
130 12
100 -15
1220 -9
150 -15
150 -6
100 -15

-15
-12

-15

15

12

10
15
10
-10

15

15
15

-15
5
-15

-10
15
15
15
-15
-15

-15

15
-15

-15

-10
-15

100.0
200.0
350.0
650.0
100.0
100.0
650.0
200.0
200.0
100.0
1000.0
1000.0
350.0
1000.0
500.0
100.0
1000.0
650.0
800.0
650.0
650.0
1000.0
500.0
650.0
650.0
200.0
1000.0
1000.0
200.0
1000.0
350.0
100.0
500.0
800.0
1000.0
1000.0

72

15.0
12.0
15.0
15.0
11.0
120
13.0
15.0
10.0
12.0
10.0
10.0
15.0
13.0
13.0
15.0
15.0
13.0
1.0
120
10.0
15.0
120
1.0
15.0
10.0
13.0
10.0
13.0
120
1.0
10.0
120
15.0
15.0
10.0

15

-12

-15

-15

15

15

12

12
15

-10

5
-15
-15

-15

-15

1000.0
1000.0
1000.0
1000.0
1000.0
100.0
1000.0
350.0
1000.0
1000.0
200.0
200.0
1000.0
200.0
$00.0
1000.0
650.0
200.0
100.0
650.0
500.0
650.0
500.0
650.0
1000.0
350.0
200.0
350.0
350.0
800.0
100.0
650.0
100.0
1000.0
100.0
1000.0



AWI1/94-008
150 15
100 6
100 -9
150 3
150 15
100 15
13.0 15
150 -15
110 12
100 -3
100 -15
100 15
110 15
100 -3
100 3
130 15
100 15
150 -6
130 -12
100 3
110 <3
150 -15
100 -15
100 -15
10 15
100 -15
150 3
120 -9
10 -5
100 15
100 o
100 -6
100 -15
120 -15
11.0 -15
150 15

1§ 800.0
-10 1000.0
-15 5000
-15 800.0

-15 1000.0
-15 1000.0

-10 800.0

-15  350.0

-10 350.0
15 2000
-1§ 6500

-5 100.0

-5 350.0
-15 650.0
-10 100.0

-15 200.0

-15 350.0
-1§ 800.0

-15 650.0
-15 1000

0 1000.0

15 6500

15 2000

-15 1000.0

10 650.0
-15  100.0

15 200.0
-15 1000.0
-15  800.0

-15 200.0
-15 650.0
-15 350.0
-1§ 650.0

-15 1000.0
-15 800.0

0 100.0

73

13.0 1§ -15 -15
100 -15 9 -15
100 -15 6 15
110 -3 9 -10
110 -15 € -10
15.0 0 -3 -10
150 -1§ 15 -5
120 € -15 18
100 15 12 10
10.0 15 9 15
10.0 15 3 15
110 -15 3 -15
10.0 15 3 -15
15.0 15 3

150 -15 0

10.0 5 -15 15
15.0 15§ -15 15
15.0 15 3 -15
15.0 12 15§ -15

15.0 -12 -3 15
15.0 15 -3 15
15.0 15 0 -5
150 -9 3 15
15.0 1§ 9 -10
15.0 6 9 15

Job:sub34

Net:sub34

Speed Stern Rudder Fwd
150 -15 3 15
150 -15 -3 15
150 -15 -15 15
15.0 15 0 -15
100 15 -5 -15
15.0 15 -15 15

100.0
650.0
100.0

500.0
650.0
1000.0
650.0
200.0
350.0
1000.0
100.0
800.0

100.0
800.0
800.0
1000.0

500.0
650.0

500.0

1000.0

800.0
800.0
1000.0

650.0
1000.0

Hold-Time
1000.0
1000.0
100.0
1000.0
500.0
650.0



—

AWV/94-008

120 15 -3 15 800.0 10.0 15 0 -15 8000
13.0 6 3 -10 3500 110 -1§ -9 15 1000.0
100 -12 -15 5 800.0 150 -1§ -3 -15 1000.0
120 -15 -3 15 1000.0 15.0 3 -5 -15 1000.0
150 -15 0 -15 1000.0 10.0 12 9 15 500.0
130 -15 -6 15 200.0 10.0 15 3 -5 1000
11.0 12 15 <15 100.0 150 -15 -3 15 800.0
1.0 -12 15 -15 100.0 15.0 -9 % -15 1000.0
15.0 12 15 15 650.0 150 -12 0 15 1000.0
150 -5 -15 15 800.0 150 -15 6 -15 2000
12.0 6 6 -15 1000.0 15.0 6 -3 15 100.0

10.0 15 -6 15 100.0 15.0 15 -15 15 200.0
150 -15 0 15 1000.0 15.0 -6 -6 10 650.0

10.0 12 12 <15 1000.0 15.0 -9 -3 15 10000
15.0 15 3 15 1000.0 15.0 15 9 -15 1000.0
15.0 0 0 -15 1000.0 13.0 -15 3 15 1000.0
150 -15 -6 15 650.0 15.0 15 3 -15 8000
15.0 15 6 -15 100.0 15.0 12 -3 0 100.0

150 -15 3 0 800.0 100 -15 0 5 3500

130 -15 0 -15 5000 10.0 12 9 -15 3500
10.0 -6 0 15 1000 1.0 -8 3 -15§ 350.0

15.0 -4 0 15 1000.0 150 -12 -3 10 1000.0
100 -15 6 -15 350.0 150 -15 6 <5 1000.0
150 15 -3 15 1000.0 120 -15 3 5 10000
110 15 0 15 1000.0 10.0 15 3 15 800.0

1.0 15 6 -10 1000.0 150 -15 -5 -15 650.0
10.0 3 -3 -5 1000 130 -15 0 10 500.0
100 -15 3 15 100.0 150 -15 15 15 500.0
15.0 -9 3 15 1000.0 13.0 3 3 0 1000.0

150 -1§ 6 15 1000.0 150 -15 6 15 800.0
150 -15 0 15 650.0 150 -15 0 5§ 800.0

15.0 15 ¢ -15 100.0 120 15 -12 15 800.0
15.0 18 6 10 1000.0 150 -15 1§ -15 800.0
100 -15 6 15 1000.0 100 15 3 -15 800.0
15.0 ] 3 -15 1000 100 -15 3 -15 1000.0
150 -15 -6 15 800.0 15.0 1§ 15 15 1000
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100 15 -9 -15 1000 150 15 0 15 1000.0
150 -15 6 15 1000.0 150 15 3 15 800.0
130 15 -12 15 800.0 100 9 -5 15 3500
150 -15 -3 15 6500 110 -15 <15 -10 1000.0
150 9 -9 5 8000 130 6 6 15 1000
150 -15 -15 15 650.0 150 15 -12 -5 500.0
150 -15 6 5 1000.0 150 15 0 15 500.0
150 15 6 15 6500 150 -15 12 -15 10000
150 15 6 -10 1000.0 100 12 -15 -10 100.0
150 -15 3 0 10000 150 15 0 5 10000
150 15 3 15 800.0 150 15 -15 -10 650.0
150 15 0 15 1000 150 -15 3 -15 1000.0
100 15 3 15 2000 50 15 3 0 1000
150 -15 0 -5 10000 150 -9 -15 -5 1000.0
150 15 0 -15 800.0 100 15 -15 15 1000.0
150 9 12 15 10000 130 15 6 15 1000.0
130 15 3 -15 10000 150 15 -9 15 3500
150 15 0 15 800.0 120 15 0 15 1000
150 8 0 0 5000 130 9 -5 15 3500
150 <15 12 5 1000.0 150 15 15 15 1000.0
150 -9 -15 10 800.0 130 15 0 15 10000
150 -15 3 15 1000 100 15 0 5 10000
150 15 6 15 8000 130 15 -15 -5 1000.0
150 12 -6 10 8000 150 15 -12 15 650.0
100 -15 <15 15 2000 150 3 -9 -10 3500
120 6 12 15 6500 130 6 -12 -15 1000
150 15 3 15 5000 150 -12 -6 15 800.0
130 15 0 -10 10000 100 15 0 -10 1000
150 15 9 15 1000 150 -15 15 10 800.0
150 15 0 -15 1000 130 -15 -12 10 10000
150 6 6 -10 6500 150 9 3 .15 6500
150 -9 9 15 10000 10 15 -5 15 1000.0
130 42 15 15 8000 100 -15 -9 -10 6500
110 -6 3 15 10000 150 15 -9 -15 8000
150 15 9 -15 1000 150 15 -3 -15 1000.0
130 12 0 15 8000 150 15 3 5 10000
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10.0 15 -6
150 -12 -3
15.0 0 -3
150 -15 -12
100 -15 15
130 -15 -9
150 -15 12
100 -12 -6
100 -15 -3
15.0 15 -12
15.0 -3 -3

FILE: n:/HANS//subansrp.hhv

10
15
15
15
-15
15
0
15
15
10
10

1000.0
1000.0
800.0
1000.0
650.0
1000.0
800.0
800.0
350.0
1000.0
350.0
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15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

0
15

10
15

-18
-15
10

350.0
100.0
$00.0
100.0
1000.0
350.0
1000.0
350.0
350.0
800.0
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